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(54) TRANSMITTING METHOD AND TRANSMITTING DEVICE 

(57) A unit judging that it is difficult to continue com- 
munication through a present tone set/tone position in 
accordance with a noise measurement result serves as 
a virtual master for changing tones. The virtual -master 
unit transmits a tone-change request command and 
waits for a response from other unit(s) for a certain time. 
During the above period, when receiving a tone-change 
rejection command even once, the virtual-master unit 
stops a change and completes virtual-master process- 
ing. However, when receiving no tone-change rejection 
command even after a certain time elapses, the virtual- 
master unit transmits a tone-change instruction com- 
mand. Then, all units presently connected simultane- 
ously change tones when receiving the tone-instruction 
command. 
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[0001] The present invention relates to a communi- 5 
cation system and a communication method using a 
multicarrier modulation-demodulation mode. Particu- 
larly, this invention relates to a communication method 
that makes it possible to realize data communication 
using an existing power line in accordance with a DMT 10 
(Discrete Multi Tone) modulation-demodulation mode or 
OFDM (Orthogonal Frequency Division Multiplex) mod- 
ulation-demodulation mode. Further, this invention 
relates to a communication system that makes it possi- 
ble to realize the above-mentioned communication is 
method. However, the present invention can be applied 
not only to a communication system for performing 
power line communication in accordance with the DMT 
modulation-demodulation mode but also to every com- 
munication system for performing cable communication 20 
and radio communication through a normal communica- 
tion line in accordance with the multicarrier modulation- 
demodulation mode and single-carrier modulation- 
demodulation mode. 

25 

BACKGROUND ART 



[0002] A conventional communication method is 
described below. A "power-line modem*' which performs 
communication by using an existing power line without 30 
using a new communication line is recently gathering 
interests because it reduce the cost and uses the exist- 
ing equipment effectively. Such a power-line modem 
performs various processing such as electrical appli- 
ance control and data communication by networking 35 
electrical appliances inside and outside of houses and 
in buildings, factories, and shops connected by power 
lines. 

[0003] A power-line modem using an SS (Spread 
Spectrum) mode can be considered at present. How- 40 
ever, when using this mode, the following problems 
occur. That is, it is difficult to coexist with other commu- 
nication modes because a spectrum completely cover- 
ing a given band and a transfer rate for a band used is 
too low. Moreover, when using an existing power line 45 
whose main purpose is not for data communication by 
the power-line modem for data communication, it is nec- 
essary to take action against noises caused by various 
units connected for load dispatching. 
[0004] The conventional example described above so 
performs power-line communication using single carri- 
ers. Therefore, for example, when noises from a power 
line are superimposed on a single-carrier communica- 
tion frequency, a problem occurs that preferable com- 
munication cannot be made. Particularly, because ss 
communication is performed by using power lines for 
buildings, houses, and factories in the case of power- 
line communication, it is necessary to consider noises 



from various electrical appliances connected to the 
power lines. Therefore, taking action against these 
noises is indispensable. 

[0005] Moreover, in the case of the conventional 
example, the DMT modulation-demodulation mode 
using a plurality of tones (also referred to as carriers or 
subcarriers) is considered to prevent noises. In general, 
however, noises on a power line may concentrate in a 
specific band. Therefore, when concentrating a plurality 
of tones in a specific band, a problem occurs that all 
tones are broken by noises and thereby, a state in which 
no communication can be made occurs. 
[0006] Furthermore, in the case of conventional 
power-line communication using the DMT modulation- 
demodulation mode, only several tones at an equal 
interval are selected out of multitones densely gener- 
ated over a very-wide frequency band to transfer data 
by using the selected tones. Thereby, it is possible to 
disperse tones in a wide frequency band and even when 
densely concentrated noises are present in a specific 
band, it is possible to avoid the noises. Therefore, it is 
possible to perform preferable communication. In this 
case, however, it is necessary to previously know the 
intensity of noises and a band used by other system. 
Moreover, to judge positions and intensity of noises over 
an assumed entire frequency band, a lot of time and 
high-speed processing are necessary. Therefore, prob- 
lems occur that communication overhead increases and 
the real cost increases. 

[0007] Furthermore, the above conventional com- 
munication mode (corresponding to the above multicar- 
rier modulation-demodulation mode and single-carrier 
modulation-demodulation mode) has a problem that 
communication between a pair of units is possible but 
N-to-N communication cannot be performed at the 
same time. 

[0008] Furthermore, the conventional communica- 
tion mode has a problem that, after tone positions are 
changed to avoid noises, a newly-connected unit cannot 
detect the tone position at the moving destination and 
therefore, communication cannot be performed. 
[0009] It is an object of the present invention to pro- 
vide a communication method according to the DMT 
modulation-demodulation mode that makes it possible 
to realize communication avoiding a band in which 
noises are present by judging presence or absence of 
noises during communication even when noises con- 
centrate on a specific position or other system already 
uses a specific band for communication and moreover, 
realize inexpensive and secure data communication 
and a communication system using the communication 
method. 

[001 0] It is another object of the present invention to 
provide a communication method according to the DMT 
modulation-demodulation mode that makes it possible 
to realize N-to-N simultaneous communication between 
a plurality of units and more effectively use a transmis- 
sion line and a communication system using the com- 
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munication method. 
[001 1] It is still another object of the present inven- 
tion to provide a communication method that makes it 
possible to change tone positions for a plurality of units 
connected on a transmission line (power line) to simul- 5 
taneously perform communication and making it possi- 
ble that a newly-connected unit perform communication 
by securely following a tone change after the tone-posi- 
tion change and a communication system using the 
communication method. w 

DISCLOSURE OF THE INVENTION 

[0012] A communication method according to one 
aspect of the present invention using a multicarrier 15 
modulation-demodulation mode is characterized by 
including a first step in which transmission side encodes 
the same data to n (natural number such that m>n>2) 
tones in a specific tone set constituted of m (natural 
number such that m>3) tones at a predetermined fre- 20 
quency interval and transmits encoded multitone data; a 
second step in which reception side receiving the multi- 
tone data instructs the transmission side and other unit 
to change at least one of the n tones when the reception 
side cannot decode the encoded data with some or all 25 
of the n tones or the decoding is difficult; and a third step 
in which the transmission side receiving a tone-change 
instruction, the other unit, and the reception side 
instructing a tone change tones in accordance with the 
instruction and perform subsequent communication 30 
with a changed tone. 

[0013] According to the above invention, tone posi- 
tions are changed by communication systems of trans- 
mission and reception sides and subsequent data 
transfer is continued at a changed tone position. That is, 35 
when it is impossible to decode some or the whole of 
data in a predetermined tone set encoded in accord- 
ance with the multicarrier modulation-demodulation 
mode, the data is securely decoded by the reception 
side by changing at least one frequency of each tone 40 
constituting the predetermined tone set. 
[0014] Further, the communication method is char- 
acterized in that, when the transmission side, the other 
unit, and the reception side change at least one of the n 
tones, they transmit the encoded multitone data again 45 
by using remaining tones in the tone set in the third step. 
[001 5] According to the above invention, even when 
changing tone positions, two tones are always common 
with a tone at a default and moreover, even while tone 
settings are changed, it is possible to perform communi- so 
cation by using the two tones. Therefore, it is possible to 
change tone sets without interrupting communication. 
[0016] Further, the communication method is char- 
acterized by further including a fourth step in which 
reception side receiving the multitone data judges a ss 
change-destination tone set and instructs transmission 
side and other unit to change tone sets when the recep- 
tion side cannot decode the encoded data even by 



using any tone in the tone set or the decoding is difficult 
after the processing in the third step and a fifth step in 
which the transmission side receiving the tone-set 
change instruction, the other unit, and the reception 
side instructing the tone set change tone sets in accord- 
ance with the tone-set change instruction and perform 
subsequent communication with a changed tone set. 
[0017] According to the above invention, it is possi- 
ble to perform power-line communication stronger in 
noises because tone sets are changed when secure 
communication cannot be made even after combina- 
tions of tone positions are changed in a specific tone 
set. 

[0016] Further, the communication method is char- 
acterized in that units of transmission and reception 
sides to be communicated each other use the specific 
tone set in order to determine a tone set used for trans- 
ceiving of data and transceive data by using a tone set 
other than the specific tone set and a tone set presently 
communicated between other units on the same trans- 
mission line. 

[0019] According to the invention, N-to-N simulta- 
neous communication is realized and power-line utiliza- 
tion efficiency is improved because a tone set used for 
communication between communication systems 
depends on a combination between communication 
systems and frequency bands used for communication 
do not duplicate and thereby, different units do not inter- 
fere each other even when transmitting data to a trans- 
mission line at the same time. 

[0020] A communication method according to 
another aspect of the present invention using a multicar- 
rier modulation-demodulation mode is characterized by 
including a first step in which transmission side encodes 
the same data to a specific tone set constituted of m 
(natural number such that m>3) tones at a predeter- 
mined frequency interval and transmits encoded multi- 
tone data and a second step in which reception side 
receiving the multitone data decodes the encoded data 
by using n (natural number such that m>n>2) tones in a 
specific tone set, changes at least one of the n tones 
when the encoded data cannot be decoded with some 
or all of the n tones orthe decoding is difficult and there- 
after, decodes the encoded data again by using n 
changed tones. 

[0021] According to the above invention, it is possi- 
ble to change tone positions in accordance with deci- 
sion of the reception side and moreover, it is 
unnecessary to exchange request and acknowledg- 
ment control codes between communication systems. 
Therefore, it is possible to more quickly change a tone 
position to another tone position less influenced by 
noises. 

[0022] Further, the communication method is char- 
acterized in that the second step decodes ended data 
again by using remaining tones in the tone set when 
changing at least one of the n tones. 
[0023] According to the above invention, when 
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changing a tone position, becaulPwo tones are always 
common with a tone at a default and moreover, commu- 
nication can be performed by using the two tones even 
while tone settings are changed, it is possible to perform 
a tone sets change processing change tone sets with- 
out interrupting communication. 
[0024] Further, the communication method of still 
another aspect of the present invention is characterized 
by further including a third step of judging change-desti- 
nation tone sets when the encoded data cannot be 
decoded even by using any tone in the tone set through 
the processing in the second step or the decoding is dif- 
ficult and instructing the transmission side and other 
unit to change tone sets and a fourth step in which the 
transmission side receiving a tone-set change instruc- 
tion, the other unit, and the reception side instructing a 
change of tone sets change tone sets in accordance 
with the instruction and perform subsequent communi- 
cation with a changed tone set. 
[0025] According to the above invention, power-line 
communication stronger in noises is realized because 
tone sets are changed when secure communication 
cannot be made even after combinations of tone posi- 
tions are changed in a specific tone set 
[0026] Further, the communication method is char- 
acterized in that units of transmission and reception 
sides to be communicated each other use the specific 
tone set in order to determine a tone set used for trans- 
ceiving of data and transceive data by using a tone set 
other than the specific tone set and a tone set presently 
communicated between other units on the same trans- 
mission line. 

[0027] According to the above invention, N-to-N 
simultaneous communication is realized and power-line 
utilization efficiency is improved because a tone set 
used for communication between communication sys- 
tems depends on a combination between communica- 
tion systems and frequency bands used for 
communication do not duplicate and thereby, different 
units do not interfere each other even when transmitting 
data to a transmission line at the same time. 
[0028] Further, the communication method is char- 
acterized in that the second step decodes encoded data 
by using the m tones when receiving first muititone data, 
detects n optimum tones, then decodes the encoded 
data by using the n detected tones, changes at least 
one of the n tones when the encoded data cannot be 
decoded by some or all of the n tones, and decodes the 
encoded data again by using n changed tones. 
[0029] According to the above invention, communi- 
cation can be performed more quickly under better con- 
ditions because an optimum tone position is detected at 
the first reception without previously determining a 
default tone position. 

[0030] Further, the communication method is char- 
acterized by further including a third step of judging a 
change-destination tone set when the encoded data 
cannot decoded by the processing in the second step 



even by using any tone IrTThe tone set or the decoding 
is difficult and instructing the transmission side and 
other unit to change tone sets and a fourth step in which 
the transmission side receiving a tone-set change 
5 instruction, the other unit, and the reception side 
instructing a tone-set change tone sets in accordance 
with the instruction and perform subsequent communi- 
cation with a changed tone set. 
[0031] According to the above invention, power-line 
w communication stronger in noises is realized because 
tone sets are changed when secure communication 
cannot be made even after changing combinations of 
tone positions in a specific tone set. 
[0032] A communication method according to still 
15 another aspect of the present invention is characterized 
by including a first step in which the multicarrier modu- 
lation-demodulation mode is used and transmission 
side encodes the same data to n (natural number such 
that m>n>2) tones in a specific tone set constituted of m 
20 (natural number such that m>3) at a predetermined fre- 
quency interval and transmits encoded muititone data; a 
second step in which reception side receiving the multi- 
tone data requests a tone change to the transmission 
side and other unit connected to the same transmission 
25 line when the encoded data cannot be decoded by 
some or all of the n tones or the decoding is difficult; a 
third step in which the transmission side receiving the 
tone change request and the other unit respectively 
designate and return an optimum tone to the reception- 
30 side unit; a fourth step in which the reception side to 
which the optimum tone is designated determines a 
tone to be changed in accordance with the information 
and communicates a determined tone to the transmis- 
sion side and other unit; and a fifth step in which the 
35 transmission side, reception side, and other unit change 
tones in accordance with the determination and perform 
subsequent communication with a changed tone. 
[0033] According to the above invention, preferable 
communication can be performed not only between 
40 communication systems presently communicated but 
also with other communication systems with which com- 
munication may be thereafter performed because all 
power-line modems further simultaneously move tone 
sets. 

45 [0034] A communication method according to still 
another aspect of the present invention is characterized 
in that a plurality of communication systems connected 
to the same transmission line transceive muititone data 
constituted of a plurality of predetermined tones at a 
so specific frequency interval by using a multicarrier modu- 
lation-demodulation mode, moreover when a communi- 
cation system judging that decoding cannot be made by 
some or all of the tones or the decoding is difficult 
becomes a master, the communication system serving 
55 as the master transmits a tone-change request com- 
mand showing a change-destination tone, and when 
receiving a tone-change rejection command from at 
least one of other communication systems in a certain 
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time, completes the tone c^SHfe and master process- 
ing at this point of time, but unless receiving the tone- 
change rejection command in a certain time, the master 
transmits the tone-change designation command show- 
ing the change-destination tone and moves a tone used 
to transceive data to the change destination, and all 
communication systems other than the master receive 
the tone-change designation command and thereafter, 
simultaneously move tones used to transceive data to 
the change destination. 

[0035] According to the above invention, a commu- 
nication system requesting a change of tone sets or 
tone positions serves as a virtual master among com- 
munication systems presently performing communica- 
tion by being connected to the same transmission line, 
the communication system serving as the virtual master 
transmits a tone-change request to communication sys- 
tems other than the virtual master, and changes tone 
sets or tone positions in accordance with reactions of 
the communication system other than the virtual mas- 
ter. Thereby, it is possible to securely change tone sets 
or tone positions in accordance with a state of each 
communication system. 

[0036] Further, the communication method is char- 
acterized by using n (natural number such that m>n^2) 
tones in a predetermined tone set constituted of m (nat- 
ural number equal of m>3) tones at a specific frequency 
interval to transceive data and encoding the same data 
to the n tones. 

[0037] According to the above invention, a combi- 
nation of three low-frequency-side tones in a tone set is 
defined as Low, a combination of three central tones is 
defined as Center, and a combination of three high-fre- 
quency-side tones is defined as High; and specific tone 
set and tone position are selected and the same data is 
encoded to the three selected tones to transfer data. 
[0038] Further, the communication method is char- 
acterized in that when at least one of communication 
systems other than the master transmits a tone-change 
rejection command in the certain time, other communi- 
cation systems other than the master cancel the trans- 
mission of tone-change rejection commands of their 
own. 

[0039] According to the above invention, tones can 
be more quickly changed because it is possible to pre- 
vent a tone-change command from being transmitted 
several times. 

[0040] Further, the communication method of still 
another aspect of the present invention is characterized 
in that a default tone set showing an initial-state tone set 
and a default tone position which is a combination of ini- 
tial-state tones in the default tone set are previously 
defined and the communication system performs carrier 
sense of the default tone position whenever data is not 
transceived before tones change processing and more- 
over performs carrier sense of a tone position used to 
transceive data in addition to carrier sense of the default 
tone position after tones change processing. 
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[0041 ] Accordinglothe above invention, it is possi- 
ble to detect whether any data is transmitted in fre- 
quency bands of a presently-used tone set/tone position 
and a default tone set/tone position. In this case, carrier 
5 detection is always performed for the default tone 
set/tone position and when ton sets or tone positions 
are changed, carrier detection is also applied to a tone 
frequency presently communicated. 
[0042] Further, the communication method of still 
w another aspect of the present invention is characterized 
by transmitting data through the changed tone when a 
communication system transmits data after the tone 
change and at the same time, transmits a dummy car- 
rier to the default tone position, 
[0043] According to the above invention, when it is 
judged whether tone sets or tone positions are changed 
and resultantly, they are changed, a dummy carrier is 
output to a tone constituting a default tone setftone posi- 
tion. The dummy carrier is necessary for a newly-con- 
nected unit to transmit a default tone setrtone portion 
when inquiring about a present tone set/tone position. 
[0044] Further, the communication method is char- 
acterized by performing reception through the change- 
destination tone position when a carrier is detected 
through the default tone position and the change-desti- 
nation tone position. 

[0045] According to the above invention, it is found 
that data is transceived through change-destination 
tone set/tone position arid a dummy carrier is output 
30 through a default tone set/tone position. 

[0046] Further, the communication method of still 
another aspect of the present invention is characterized 
by performing reception through the default tone posi- 
tion when a carrier is detected through only the default 
35 tone position. 

[0047] According to the above invention, communi- 
cation is performed through a default tone set/tone posi- 
tion also after tone sets/tone positions are changed. 
[0048] Further, the communication method is char- 
40 acterized in that when a new communication system is 
connected to the same transmission line, the new com- 
munication system transmits a tone-confirmation 
inquiry command by using the default tone position and 
thereby, inquires all other communication systems 
45 about a tone position used to transceive data, a commu- 
nication system first responding to the inquiry transmits 
a tone-confirmation response command by using the 
default tone position and thereby transmits a tone posi- 
tion used to transceive data, and the new communica- 
50 tion system changes tones used to transceive data in 
accordance with the received tone-confirmation 
response command. 

[0049] According to the above invention, also when 
tone sets/tone positions are changed, a newly-con- 
55 nected communication system uses a default tone 
set/tone position to inquire about present tone set and 
tone position. Thereby, the newly-connected communi- 
cation system can quickly change the default tone 
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te set/tone position 



set/tone position to the presei 
used to transceive data. 

[0050] Further, the communication method is char- 
acterized in that, when though a carrier is detected only 
through a default position, received data at the default 5 
position is a dummy carrier, a communication system 
detecting the carrier transmits a tone-confirmation 
inquiry command by using the default tone position and 
thereby, inquires all other communication systems 
about a tone position used to transceive data, a commu- w 
nication system first responding to the inquiry transmits 
a tone-confirmation response command by using the 
default tone position and thereby transmits the tone 
position used to transceive data, and the communica- 
tion system detecting the carrier changes tones used to 75 
transceive data in accordance with the received tone- 
confirmation response command. 
[0051] According to the above invention, also when 
tone sets/tone positions are changed, a communication 
system to which an erroneous tone set/tone position is 20 
set uses a default tone set/tone position to inquire about 
a present tone set/tone position. Thereby, the communi- 
cation system to which the erroneous tone set/tone 
position is set can quickly change the erroneous tone 
set/tone position to the present tone set/tone position 25 
used to transceive data. 

[0052] A communication method according to still 
another aspect of the present invention is characterized 
in that a plurality of communication systems connected 
to the same transmission line transceive multitone data 30 
constituted of a plurality of predetermined tones at a 
specific frequency interval by using a multicarrier modu- 
lation-demodulation mode, and when a communication 
system judging that some or all of the tones cannot be 
decoded or the decoding is difficult serves as a master 35 
for changing tones, the master communication system 
transmits a tone-change request command showing a 
change-destination tone N (natural number such that 
N>2) times every a certain time, and when receiving a 
tone-change rejection command from at least one of 40 
other communication systems, completes the tone 
change and master processing at this point of time but 
when receiving no tone-change rejection command, 
moves a tone used to transceive data to the change 
destination, and moreover transmits a tone-change 45 
instruction command showing the change-destination 
tone, and all communication systems other than the 
master receive the tone-change instruction command 
and thereafter simultaneously move tones used to 
transceive data to the change destination. 50 
[0053] According to the above invention, a commu- 
nication system requesting a change of tone sets/tone 
positions becomes a virtual master among the commu- 
nication systems connected to the same transmission 
line to perform communication, the communication sys- 55 
tern serving as the virtual master transmits a tone- 
change request command to communication systems 
other than the virtual master a plurality of times and 
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changes tone setsAonepositions in accordance with 
reactions of units other than the virtual master. Thereby, 
it is possible to further securely change tone sets/tone 
positions in accordance with a state of each communi- 
cation system. 

[0054] Further, the communication method is char- 
acterized in that, when at least one of the communica- 
tion systems other than the master transmits a tone- 
change rejection command before transmitting the 
tone-change request command up to N times, other 
communication systems except the master cancel the 
transmission of tone-change rejection commands of 
their own. 

[0055] According to the above invention, it is possi- 
ble to more quickly change tones because a tone- 
change rejection command is prevented from being 
transmitted a plurality of times. 
[0056] Further, the communication method is char- 
acterized in that a default tone set showing an initial- 
state tone set and a default tone position which is a 
combination of initial-state tones in the default tone set 
are previously defined and the communication system 
performs carrier sense of the default tone position 
whenever no data is transceived before changing tones 
and moreover performs carrier sense of a tone position 
used to transceive data in addition to the carrier sense 
of the default tone position. 

[0057] According to the above invention, it is possi- 
ble to detect whether any data is transmitted in fre- 
quency bands of a presently-used tone set/tone position 
and a default tone set/tone position. In this case, carrier 
detection is always applied to the default tone set/tone 
position and while tone sets or tone positions are 
changed, carrier detection is also applied to a tone fre- 
quency presently communicated. 
[0058] Further, the communication method is char- 
acterized in that, when a communication system trans- 
mits data after changing the tones, it transmits the data 
by using the change-destination tone and simultane- 
ously transmits a dummy carrier to the default tone posi- 
tion. 

[0059] According to the above invention, it is judged 
whether tone sets or tone positions are changed and 
when they are changed, a dummy carrier is output to 
tones constituting a default tone set/tone position. The 
dummy carrier is necessary when a newly-connected 
unit performs transmission through a default tone 
set/tone position when inquiring about a present tone 
set/tone position. 

[0060] Further, the communication method is char- 
acterized in that, when a carrier is detected through the 
default tone position and the change-destination tone 
position, reception is performed through the change- 
destination tone position. 

[0061] According to the above invention, it is found 
that data is transceived through the change-destination 
tone set/tone position and a dummy carrier is output 
through the default tone set/tone position. 
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[0062] Further, the comTWnication method is char- 
acterized in that reception is performed through the 
default tone position when a carrier is detected only 
through the default tone position. 
[0063] According to the above invention, communi- s 
cation is performed through a default tone set/tone posi- 
tion even after tone sets/tone positions are changed. 
[0064] Further, the communication method is char- 
acterized in that, when a new communication system is 
connected to the same transmission line, the new com- 10 
munication system transmits a tone-confirmation 
inquiry command a plurality of times by using the default 
tone position, thereby inquires all other communication 
systems about a tone position used to transceive data, 
and a communication first responding to the inquiry 75 
transmits a tone-confirmation response command by 
using the default tone position and thereby, transmits 
the tone position used to transceive data, and the new 
communication system changes tones used to trans- 
ceive data in accordance with the received tone-confir- 20 
mation response command. 

[0065] According to the above invention, a newly- 
connected communication system uses a default tone 
set/tone position in order to inquire about a present tone 
seVtone position. Thereby, the newly-connected com- 25 
munication system can quickly change the default tone 
set/tone position to the present tone set/tone position. 
[0066] Further, the communication method is char- 
acterized in that, when a carrier is detected only through 
a default tone position but received data at the default 30 
tone position is a dummy carrier, a communication sys- 
tem detecting the carrier transmits a tone-confirmation 
inquiry command by using the default tone position and 
inquires all other communication systems about a tone 
position used to transceive data, and a communication 35 
first responding to the inquiry transmits a tone-confirma- 
tion response command by using the default tone posi- 
tion and thereby transmits the tone position used to 
transceive data, and the communication system detect- 
ing the carrier changes tones used to transceive data in 40 
accordance with the received tone-confirmation 
response command. 

[0067] According to the above invention, also when 
tone sets/tone positions are changed, a communication 
system to which an erroneous tone set/tone position is 45 
set uses a default tone set/tone position in order to 
inquire about a present tone set/tone position. Thereby, 
the communication system to which an erroneous tone 
set/tone position is set can quickly change the default 
tone set/tone position to the present tone set/tone posi- so 
tion used to transceive data. 

[0068] A communication system according to still 
another aspect of the present invention is characterized 
by using the multicarrier modulation-demodulation 
mode, encoding the same data to n (natural number 55 
such that m>n£2) tones in a specific tone set consti- 
tuted of m (natural number such that m>3) tones at a 
predetermined frequency interval, transmitting encoded 
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multitone data, changing at least one of the n tones to a 
remaining tone in the tone set when the encoded data 
cannot be decoded by some or all of the n tones and a 
tone change instruction is received from reception side, 
and performing subsequent communication with 
changed tones. 

[0069] According to the above invention, tone posi- 
tions are changed by communication systems of trans- 
mission and reception sides and subsequent data 
transfer is continued through changed tone positions. 
[0070] Further, the communication system is char- 
acterized by changing a tone set to any other tone set 
when the encoded data cannot be decoded even by 
using any tone in the tone set and a tone set change 
instruction is received from reception side and perform- 
ing subsequent communication through the changed 
tone set. 

[0071] According to the above invention, power-line 
communication stronger in noises is realized because 
tone sets are changed when secure communication 
cannot be made even by changing combinations of tone 
positions in a specific tone set. 
[0072] A communication system according to still 
another aspect of the present invention is characterized 
by using the multicarrier modulation-demodulation 
mode, receiving multitone data superimposed on n (nat- 
ural number such that m>n>2) tones in a specific tone 
set constituted of m (natural number such that m>3) 
tones from transmission side, and instructing the trans- 
mission side and other units to change at least one of 
the n tones when encoded data cannot be decoded by 
some or all of the n tones. 

[0073] According to the above invention, when 
some or the whole of data in a predetermined tone set 
encoded in accordance with the multicarrier modula- 
tion-demodulation mode cannot be decoded, the data is 
securely decoded at reception side by changing at least 
one frequency of each tone constituting the predeter- 
mined tone set. 

[0074] Further, the communication system is char- 
acterized by judging a change-destination tone set 
when the encoded data cannot be decoded even by 
using any tone in the tone set and instructing the trans- 
mission side and other units to change tone sets. 
[0075] According to the above invention, power-line 
communication stronger in noises is realized because 
tone sets are changed when secure communication 
cannot be made even by changing combinations of tone 
positions in a specific tone set. 
[0076] A communication system according to still 
another aspect of the present invention is characterized 
by using the multicarrier modulation-demodulation 
mode, encoding the same data to a specific tone set 
constituted of m (natural number such that m>3) tones 
at a predetermined frequency interval and transmitting 
encoded multitone data. 

[0077] According to the above invention, tone posi- 
tions can be changed in accordance with the decision of 
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reception side and moreover, e^Wange of request and 
acknowledgment control codes is unnecessary 
between communication systems. Therefore, it is possi- 
ble to more quickly change a tone position to a tone 
position less influenced by noises. 5 
[0078] Further, the communication system is char- 
acterized by changing the tone set to any other tone set 
in accordance with a tone-set change instruction when 
the encoded data cannot be decoded even by using any 
tone in the tone set and the instruction is received from io 
reception side and performing subsequent communica- 
tion through a changed tone set. 
[0079] According to the above invention, power-line 
communication stronger in noises is realized because 
tone sets are changed when secure communication 75 
cannot be made even by changing combinations of tone 
positions in a specific tone set. 
[0080] A communication system according to still 
another aspect of the present invention is characterized 
by using the multicarrier modulation-demodulation 20 
mode, receiving multitone data superimposed on a spe- 
cific tone set constituted of m (natural number such that 
m£3) tones from transmission side, decoding encoded 
data in accordance with n (natural number such that 
m>n>2) tones in the tone set, changing at least one of 25 
the n tones to a remaining tone in the tone set when the 
encoded data cannot be decoded by some or all of the 
n tones, and then decoding the encoded data again in 
accordance with changed n tones. 
[0081] According to the above invention, tone posi- 30 
tions can be changed in accordance with the decision of 
reception side and moreover, request and exchange of 
acknowledgment control codes is unnecessary 
between communication system, and thereby it is possi- 
ble to more quickly change a tone position to a tone 35 
position less influenced by noises. 
[0082] Further, the communication system is char- 
acterized by instructing the transmission side to change 
tone sets when the encoded data cannot be decoded 
even by using any tone of the tone set. 40 
[0083] According to the above invention, power-line 
communication stronger in noises is realized because 
tone sets are changed when secure communication 
cannot be made even by changing combinations of tone 
positions in a specific tone set. 45 
[0084] Further, the communication system is char- 
acterized by decoding encoded data in accordance with 
the m tones when receiving first multitone data, moreo- 
ver detecting n optimum tones, then decoding the 
encoded data in accordance with the n detected tones, 50 
changing at least one of the n tones when the encoded 
data cannot be decoded through some or all of the n 
tones, and decoding the encoded data again in accord- 
ance with n changed tones. 

[0085] According to the above invention, communi- 55 
cation can be more quickly performed in a better state 
because an optimum tone position is detected at the 
first reception without previously determining a default 




tone position. 

[0086] A communication system according to still 
another aspect of the present invention is characterized 
by transceiving multitone data constituted of a plurality 
of predetermined tones at specific frequency intervals in 
accordance with a multicarrier modulation-demodula- 
tion mode, moreover transmitting a tone-change 
request command showing a change-destination tone 
when the communication system judges that decoding 
cannot be made by some or all of the tones or the 
decoding is difficult and becomes a master for changing 
tones, completing the tone change and master process- 
ing when receiving a tone-change rejection command 
from at least one of other communication systems 
within a certain time, moving a tone to be used to trans- 
ceive data to the change destination when not receiving 
the tone-change rejection command, and moreover 
transmitting a tone-change instruction command show- 
ing the change-destination tone. 
[0087] According to the above invention, a commu- 
nication system requesting a change of tone sets/tone 
positions becomes a virtual master among communica- 
tion systems connected to the same transmission line to 
perform communication, and the virtual-master commu- 
nication system transmits a tone-change request com- 
mand to communication systems other than the virtual 
master and changes tone sets/tone positions in accord- 
ance with reactions of the communication systems 
other than the virtual master. Thereby, it is possible to 
securely change tone sets/tone positions correspond- 
ingly to the state of each communication system. 
[0088] A communication system according to still 
another aspect of the present invention is characterized 
by transceiving multitone data constituted of a plurality 
of predetermined tones at a specific frequency interval 
in accordance with a multicarrier modulation-demodula- 
tion mode, moreover transmitting a tone-change 
request command showing a change-destination tone N 
(natural number such that N>2) times every a certain 
time when the communication system judges that 
decoding cannot be made by some or all of the tones or 
the decoding is difficult and becomes a master for 
changing tones, completing the tone change and mas- 
ter processing when receiving a tone-change rejection 
command from at least one of other communication 
systems before the repetition of transmission of the 
tone-change request command up to N times, moving a 
tone to be used to transceive data to the change desti- 
nation when not receiving the tone-change rejection 
command before the repetition of transmission of the 
tone-change request command up to N times, and 
moreover transmitting a tone-change instruction com- 
mand showing the change-destination tone. 
[0089] According to the above invention, a commu- 
nication system requesting a change of tone sets/tone 
positions becomes a virtual master, and the virtual- 
master communication system transmits a tone-change 
request command to communication systems other 
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than the virtual master a pliiWRy of times and changes 
tone sets/tone positions in accordance with reactions of 
units other than the virtual master. Thereby, it is possi- 
ble to more securely change tone sets/tone positions 
correspondingly to the state of each communication 
system. 

[0090] A communication system according to still 
another aspect of the present invention is characterized 
by transceiving multitone data constituted of a plurality 
of predetermined tones at a specific frequency interval 
in accordance with a multicarrier modulation-demodula- 
tion mode and moreover, moving a tone to be used to 
transceive data to the change destination after receiving 
a tone-change instruction command showing a change- 
destination tone when the communication system does 
not serve as a master for changing tones. 
[0091] According to the above invention, a commu- 
nication system serving as a virtual master transmits a 
tone-change request command to communication sys- 
tems other than the virtual master and changes tone 
sets/tone positions correspondingly to reactions of com- 
munication systems other than the virtual master. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0092] Fig. 1 shows the configuration of a first 
embodiment of a power-line communication system of 
the present invention; Fig. 2 shows framing contents; 
Fig. 3 shows a tone set selected by a tone selector 3; 
Fig. 4 shows a combination of tone positions prepared 
by a control circuit 10; Fig. 5 shows a case in which 
noises are superimposed on a tone position Center at a 
default; Fig. 6 shows a modification of a tone position 
when noises are superimposed on a tone position 
Center at a default; Fig. 7 shows a modification of a tone 
position when noises are superimposed on a tone posi- 
tion Center at a default; Fig. 8 illustrates a conventional 
solving method between a transmission-side power-line 
modem and a reception-side power-line modem when a 
present tone position reaches a level in which the tone 
position cannot be normally received due to noises; Fig. 
9 illustrates the solving method of the first embodiment 
between a transmission-side power-line modem and a 
reception-side power-line modem when a present tone 
position reaches a level in which the tone position can- 
not be normally received due to noises; Fig. 10 shows a 
tone set of a power-line communication modem; Fig. 1 1 
shows a modification of a tone set when noises are 
superimposed on a tone set at a default; Fig. 12 shows 
a modification of a tone set when noises are superim- 
posed on a tone set under communication; Fig. 13 
shows a communication method for performing N-to-N 
communication; Fig. 14 shows a tone set of a power-line 
communication modem; Fig. 15 shows a combination of 
tone positions prepared by a control circuit 10; Fig. 16 
shows the configuration of a seventh embodiment of a 
power-line communication system (power-line modem) 
of the present invention; Fig. 1 7 shows an example of a 
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control command used to change and confirm tone 
sets/tone positions; Fig. 18 is a flow chart showing 
processing contents of a virtual-master unit and units 
other than the virtual master in the seventh embodi- 
5 ment; Fig. 19 is a flow chart showing processing con- 
tents of a virtual-master unit in this embodiment; and 
Fig. 20 is a flow chart showing processing contents of 
units other than the virtual master in this embodiment. 

10 BEST MODE FOR CARRYING OUT THE INVENTION 

[0093] The present invention is described below in 
detail by referring to the accompanying drawings. 
[0094] First, configuration of a communication sys- 
75 tern of the present invention is described. Fig. 1 shows 
the configuration of the first embodiment of a power-line 
communication system (power-line modem) of the 
present invention. 

[0095] In Fig. 1 , legend 1 denotes a framing circuit, 
20 2 denotes a QAM encoder, 3 denotes a tone selector, 4 
denotes an inverse fast Fourier transform circuit (IFFT), 
5 denotes a parallel/serial conversion circuit (P/S), 6 
denotes a digital/analog conversion circuit (D/A), 7 
denotes a power line, 8 denotes coupled circuits, 9 
25 denotes a noise measurement device, 10 denotes a 
control circuit for controlling tone sets and tone posi- 
tions to be described later, 1 1 denotes a def raming cir- 
cuit, 12 denotes a QAM decoder, 13 denotes a tone 
selector, 14 denotes a fast Fourier transform circuit 
30 (FFT), 15 denotes a serial/parallel conversion circuit 
(S/P), and 16 denotes an analog/digital conversion cir- 
cuit (A/D). 

[0096] A transmission system of the power-line 
communication system includes the framing circuit 1 , 
35 QAM encoder 2, tone selector 3, IFFT 4, P/S 5, and D/A 
6. Further, a reception system includes the deframing 
circuit 11, QAM decoder 12, tone selector 13, FFT 14, 
S/P 15, and A/D 16. 

[0097] Moreover, the power-line modem constituted 

40 as described above is connected with various units (not 
shown) for communicating transmission data and 
reception data and moreover, the power line 7 is con- 
nected with a plurality of power-line modems consti- 
tuted similarly to the above modem. Therefore, the 

45 above various units are constituted so as to be able to 
communicate with a plurality of units through power 
lines and power-line modems. 
[0098] Operations of first embodiment of a power- 
line modem of the present invention are briefly 

so explained below by referring to Fig. 1. First, operations 
of the transmission system will be explained. For exam- 
ple, when transmission data is input from a unit (not 
shown) connected to the power-line modem, the fram- 
ing circuit 1 carries out framing and outputs a frame to 

55 the QAM encoder 2. Fig. 2 explains about this framing. 
As shown in Fig. 2, the framing circuit 1 first divides 
transmission data into a plurality of bit strings. Then, the 
framing circuit 1 generates frames to which a preamble 
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to be used for measuremenf^Fhoises and control 
codes for acknowledgment and the like for various 
request commands transmitted from a reception-side 
power-line modem are added. It is assumed here that 
frames N in number are generated from the transmis- 5 
sion data. 

[0099] Thereafter, the QAM encoder 2 QAM-codes 
the frame, moreover encodes the same frame to tones 
according to the DMT modulation-demodulation mode, 
and outputs framed signals to the tone selector 3. In this w 
embodiment, the same frame is encoded to five tones in 
a predetermined tone set to be described later. 
[0100] The tone selector 3 receives the encoded 
signals and selects three predetermined tones out of 
the five tones in accordance with tone selection infor- is 
mation sent from the control circuit 10 and outputs the 
three tones to the IFFT 4. Fig. 3 shows a tone set to be 
selected by the tone selector 3. This embodiment uses, 
for example, tone #0 to tone #100, moreover sets five 
tones (tones #20, #40, #80, and #100) at a predeter- 20 
mined frequency interval (in this case, the interval is 
assumed as 20 tones for convenience) as the above 
tone to perform transmission by using three consecutive 
tones in the tone set. Moreover, at a default, that is, in 
an initial state, this embodiment always selects and 25 
transmits three tones #40, #60, and #80. 
[0101] The IFFT 4 receives the data superimposed 
on each tone and converts the frequency-axis data into 
time-base data by applying inverse fast Fourier trans- 
form (IFFT) to the data encoded to the three tones and 30 
outputs the converted time-base data to the P/S 5. 
[0102] Finally, the P/S 5 performs parallel/serial 
conversion to the parallel data received as time-base 
data and outputs the serial data to the D/A 6. Moreover, 
the D/A 6 performs digital/analog conversion to the 35 
received serial data and transmits the analog signal to 
the power line 7 through the coupled circuits 8. As a 
result, encoded same data is transmitted to three tones 
at an interval of 20 tones as shown in Fig 3. 
[0103] Thereby, in this embodiment, even if noises 40 
from various units connected to the power line 7 are 
concentrated on a specific frequency band, data trans- 
mission is realized which is stronger in power-line 
noises than conventional power-line communication by 
a value equivalent to a frequency interval between 45 
tones obtained by encoding the same data. 
[0104] Operations of the reception system of the 
above power-line modem are explained below. Because 
only one power-line modem has been shown in Rg. 1 to 
be connected to the power line 7 for convenience, oper- so 
ations are described by using the configuration of the 
illustrated reception system. 

[0105] For example, the reception system performs 
operations reverse to those of the above transmission 
system. That is, the coupled circuits 8 connected to a 55 
power line capture multitone data sent from the trans- 
mission system and the A/D 16 performs analog/digital 
conversion to the received analog multitone data. More- 
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over, the S/P 15 convert^fie serial data converted into 
a digital signal into parallel data and then outputs the 
parallel data to the FFT 14. 

[0106] The FFT circuit 14 receives the parallel data 
and executes Fourier transform (FFT). Precisely, the 
FFT circuit 14 converts multitone data expressed on a 
time base into data on a frequency axis and outputs the 
frequency data to the tone selector 13 and noise meas- 
urement device 9. 

[0107] The tone selector 13 receives the frequency 
data and selects the data for three tones (#40, #60, and 
#80) designated by the control circuit 1 0 and outputs the 
data to the QAM decoder 12. The QAM decoder 12 
decodes the same data for three tones from which 
noises are removed. 

[0108] Finally, the deframing circuit 1 1 regenerates 
reception data by deframing the decoded (QAM- 
decoded) data and outputs the reception data to a unit 
(not shown) connected to the power-line modem. This 
deframing is a processing reverse to the above framing 
such as a processing of separating a preamble and a 
control code from a QAM-decoded frame and synthe- 
sizing data fields, that is, a processing of reconstituting 
reception data in the form of original transmission data. 
[0109] The noise measurement device 9 measures 
noises of the data for three tones output from the FFT 
14 and outputs noise information which is a result of 
measurement of noises to the control circuit 10. 
[0110] A noise measuring method utilized by the 
noise measurement device 9 is explained below. To 
measure noises, an expected value of presently- 
received data is normally necessary. In this case, how- 
ever, it is impossible to normally measure noises 
because data content in a data field is unknown. There- 
fore, this embodiment measures noises of each pres- 
ently-received tone by using a preamble (refer to Fig. 2) 
which is already known data. 

[0111] A preamble normally uses predetermined 
data as information necessary for establishing sync and 
information showing start of transfer, that is, uses 
already-known data. Therefore, a reception system can 
use the already-known data as an expected value for 
measuring noises. Therefore, in this case, noises of 
each tone presently used are measured for each frame 
by using the preamble data. A noise measuring method 
is not restricted to the above one. For example, it is also 
permitted to regularly transfer a frame for measuring 
noises and measure noises by using the frame. 
[0112] The control circuit 10 judges whether it is 
necessary to change tone positions of the three tones 
(#40, #60, and #80) in accordance with noise informa- 
tion measured by the noise measurement device 9. 
When the circuit 10 judges that it is necessary to 
change tone positions, it communicates a tone-position- 
change-request transmission control code to the fram- 
ing circuit 1 of this modem. In this case, a tone position 
denotes n (n is a natural number such that m>n>2)(n is 
assumed to be equal to 3 in this embodiment for con- 
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venience) tones among m (fPs a natural number such 
that m>3)(m is assumed to be equal to 5 in this embod- 
iment for convenience) tones constituting a certain tone 
set, which is a combination of frequency bands (tones) 
for transferring encoded data. 5 
[0113] Moreover, the control circuit 10 receives a 
control code (hereafter referred to as reception control 
code) transmitted from other party for data communica- 
tion from the def raming circuit 1 1 and when receiving a 
tone-position change request, it judges whether to 10 
change tone positions and communicates a change- 
acknowledgment control code to the framing circuit 1 of 
this modem. Moreover, when a change of tone positions 
is determined, the control circuit 10 communicates the 
tone position to be changed to the tone selectors 3 and 15 
13 of this modem as tone selection information. 
[0114] Then, a tone-position change method in a 
power-line modem performing the above operations is 
described below. Tone positions are first changed in the 
same tone set by using five default tone sets and three 20 
tone positions used at start of transfer as base points. 
Then, tone sets are changed only when noises cannot 
be smoothly avoided in every tone position in the same 
tone set. A change of tone sets is described for an 
embodiment to be described later. 25 
[011 5] Fig. 4 shows a combination of tone positions 
prepared by the control circuit 10. As shown in Fig. 4, 
the control circuit 1 0 communicates tone selection infor- 
mation to the tone selector 3 so as to select three tones 
among five tones (tone set) of #20, #40, #60, #80, and 30 
#100. For example, in this embodiment, the combina- 
tion of tones #40, #60, and #80 used at a default is 
assumed as a tone position Center, the combination of 
tones #60, #80, and #100 as a tone position High, and 
the combination of tones #20, #40, and #60 as a tone 35 
position Low, and these tone positions are previously 
stored and the control circuit 10 communicates tone 
selection information to the tone selector 3 so as to 
select any one of the above combinations. To transmit 
data at a default and newly, this embodiment transmits 40 
the data from the tone position Center without fail. 
[0116] Fig. 5 is an illustration showing a case in 
which noises are superimposed on the tone position 
Center at a default. For example, when inverter noises 
of an electric lamp are superimposed on some of the 45 
ton positions (#40, #60, and #80) at a default (refer to 
Fig. 5), a reception system cannot smoothly decode the 
tones #40 and #60. In this case, the control circuit 10 
judges that the low-frequency side of the tone position 
Center cannot decode data due to noises in accordance so 
with noise information sent from the noise measure- 
ment device 9. 

[0117] Therefore, the control circuit 10 instructs a 
change of tone positions by using tone selection infor- 
mation to avoid influences of noises. Fig. 6 is an illustra- 55 
tion showing a change of tone positions when noises 
are superimposed on the tone position Center. For 
example, when the low-frequency side of the tone posi- 
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tion Center is influenced by noises and thereby, it is dif- 
ficult to decode the data for the tones #40, #60, and #80 
at reception side, the circuit 1 0 first judges that there are 
wide-band noises at the low-frequency side by consid- 
ering characteristics of a power line used and instructs 
a change of tone positions from Center to High (refer to 
Fig. 6). 

[0118] Then, when tone positions are changed to 
tones #60, #80, and #100 and the same data is 
encoded to each tone but data better than the data 
before changed cannot be decoded at the reception 
side, the control circuit 1 0 further judges that there are 
wide-band noises at the high-frequency side and 
instructs a change of tone positions from High to Low. 
[01 19] However, when it is first assumed that there 
are wide-band noises at the high-frequency side and 
tone positions are changed from Center to Low and 
then, it is also permitted to change the tone positions 
from Low to High unless data cannot be smoothly 
decoded. 

[01 20] Moreover, when every tone at the tone posi- 
tion Center is influenced by noises and thereby, data 
cannot be smoothly decoded in some or all of tones of 
the tone position High, it is also permitted to change 
from the tone position Center to the tones #20, #60, and 
#100 as shown in Fig. 7 by simultaneously considering 
wide-band noises at the lower- and high-frequency 
sides instead of changing tone positions at two stages 
by separately considering the wide-band noises at the 
low- and high-frequency sides. In this case, tone posi- 
tions can be changed only once. 
[01 21 ] Moreover, the control circuit 1 0 may change 
the tone positions in accordance with noise levels of 
three tone positions. For example, when data is trans- 
ferred by using the tone position Center and thereby 
noises are increased in the tone #40 at the low-fre- 
quency side and reception through the tone #40 
becomes difficult, the control circuit 10 judges that 
noises are almost exactly superimposed on the tone 
#20, generates tone selection information so as to 
change a tone position to the tone position High, and 
sends this information to the tone selectors 3 and 13. 
Moreover, when noises increase in the tone #80 and 
reception through the tone #80 become difficult, the 
control circuit 10 judges that noises are also almost 
exactly superimposed on the tone #1 00, generates tone 
selection information so as to change a tone position to 
the tone position Low, and sends this information to the 
tone selectors 3 and 13. 

[0122] When noises increase in the tone #60, it is 
preferable to decide whether to move to the high-fre- 
quency side or low-frequency side by considering char- 
acteristics of a power line used as described above and 
change tone positions in accordance with the decision. 
In this case, when influences of noises are improved, it 
is preferable to continuously transfer data under the 
improved sate. However, when influences of noises 
increase, it is preferable to change a tone position to 
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[0123] Moreover, for judgment whether to change 
tone positions, a case of changing tone positions when 
communication becomes difficult through one tone and 
a case of changing tone positions when communication 
becomes difficult through two tones are considered. In 
this case, it is permitted to select either of the cases in 
accordance with the safety of a system. However, when 
influences of noises are not improved even after chang- 
ing to all tone positions in a tone set, it is preferable to 
change the tone set to another tone set. 
[0124] Thus, in this embodiment, even when com- 
munication becomes difficult through one tone or two 
tones due to noises, it is possible to dynamically move a 
tone position to another tone position in a better com- 
munication environment while continuing communica- 
tion through remaining tones by superimposing the 
same data on every tone used and transmitting data 
and thus, it is possible to more securely perform data 
communication. 

[0125] Exchange of data between a power-line 
modem at transmission side and a power-line modem at 
reception side when changing tone positions is 
explained below while comparing such an exchange 
performed conventionally. As described above, in the 
case of this embodiment, it is assumed that selectable 
tone sets and tone positions are previously determined 
and all combinations of the tone sets and tone positions 
are shared by transmission side and reception side. 
Moreover, a tone position in a tone set probably steadily 
free from noises is determined as a default for each 
power line to be used to start communication with a 
default tone position without fail. 
[0126] When there is no influence of noises at a 
default tone position, data values divided into a plurality 
of frames are normally successively transferred through 
the same tone position. In this case, reception side not 
only receives frames but also transfers a predetermined 
number of frames to the transmission side by superim- 
posing ACK showing that data is normally received or 
NACK showing that data is not normally received on a 
data field in a frame whenever receiving the predeter- 
mined number of frames in order to communicate a 
reception state to the transmission side. For example, 
when a present tone position reaches a level at which 
the tone position cannot be smoothly received due to 
noises, NACK is returned to the transmission side. 
[0127] Fig. 8 is an illustration showing a conven- 
tional solving method between a transmission-side 
power-line modem and a reception-side power-line 
modem when a present tone position reaches a level at 
which the tone position cannot be normally received 
due to noises. Thus, when a present tone reaches a 
level at which the tone cannot be normally received due 
to noises in the prior art, the reception-side power-line 
modem returns NACK to the transmission-side power- 
line modem. In this case, the next transmission data 
from the transmission side is the retransmission data of 



S5 818A1 rf*^ 

the last time and th^mnsmission-side power-line 
modem transmits the same data a plurality of times until 
ACK is returned. 

[0128] Fig. 9 is an illustration showing a solving 
5 method of this embodiment between a transmission- 
side power-line modem and a reception-side power-line 
modem when a present tone position reaches a level at 
which the tone position cannot be normally received 
due to noises. Thus, in the case of this embodiment, the 
w noise measurement device 9 measures noises of each 
tone presently used and the control circuit 10 changes 
tone positions in accordance with any one of the above 
methods when judging that communication becomes 
difficult due to noises in accordance with tone position 
is selection information sent from the noise measurement 
device 9. 

[0129] A change of tone positions is described 
below by referring to Fig. 9. However, because data is 
bidirectionally transferred between transmission side 
20 and reception side, a tone-position change request may 
be generated at the transmission side or the reception 
side. However, it is assumed here that a request is gen- 
erated at the reception side. 

[0130] For example, a reception-side power-line 
25 modem receives data through a tone position at a 
default. When the control circuit 1 0 judges that commu- 
nication becomes difficult through a tone position at a 
default in accordance with noise information sent from 
the noise measurement device 9, the circuit 1 0 deter- 
30 mines atone position to be changed and communicates 
that the tone position is to be changed to the framing cir- 
cuit 1 in accordance with a transmission control code. 
The framing circuit 1 inserts a tone-position-change- 
request control code into a control code field (refer to 
35 Fig. 2) in the frame (this insertion corresponds to the 
processing shown by (1) in Fig. 9) when transmitting 
ACK or NACK data. 

[0131] Moreover, a reception-side power-line 
modem transmits transfer data (frame) in which a tone- 
40 position change request is included as a control code to 
the transmission-side power-line modem (this transmis- 
sion corresponds to the processing shown by (2) in Fig. 

9). 

[0132] In the transmission-side power-line modem 
45 receiving the frame from the reception-side power-line 
modem, the def raming circuit 1 1 separates a control 
code in the control code field in the frame from the 
received frame and sends this control code to the con- 
trol circuit 10. The control circuit 10 selects a tone posi- 
so tion prepared as a change destination as previously 
described and communicates a change-acknowledg- 
ment control code to the framing circuit 1 . The framing 
circuit 1 receiving the change-acknowledgment control 
code inserts the change-acknowledgment control code 
55 into the control code field of a transmission frame (this 
insertion corresponds to the processing shown by (3) in 
Fig. 9) when transmitting the next data. 
[0133] Thereafter, the transmission-side power-line 
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modem transmits a frame HPfnich a change acknowl- 
edgment is included as a control code to the reception- 
side power-line modem (this transmission corresponds 
to the processing shown by (4) in FIG 9). At the time of 
the transmission, the tone positions are not changed 5 
and therefore, the transmission is performed through a 
tone position at a default Moreover, after the transmis- 
sion, because the control circuit 10 performs subse- 
quent transmission and reception through a requested 
tone position, it communicates a change-destination w 
tone position to the tone selectors 3 and 13. 
[0134] In the reception-side modem receiving the 
frame, the deframing circuit 1 1 separates a control code 
from a control-code field in a frame and communicates 
the control code to the control circuit 1 0. The control cir- 15 
cuit 10 confirms that a change of tone positions is 
acknowledged by the transmission-side power-line 
modem in accordance with the control code and moreo- 
ver, communicates a change-destination tone position 
to the tone selectors 3 and 23 (this communication cor- 20 
responds to the processing shown by (5) in Fig. 9) in 
order to perform subsequent transmission and recep- 
tion through a requested tone position. 
[0135] The reception-side power-line modem then 
selects a tone position previously set as a change des- 25 
tination and transmits ACK or NACK data through the 
selected tone position (this transmission corresponds to 
the processing shown by (6) in Fig. 9). Moreover, in this 
case, because tone positions are already changed in 
the transmission-side power-line modem, the modem 30 
can receive a frame transmitted from the reception-side 
power-line modem. 

[0136] Thus, in the case of this embodiment, tone 
positions are changed by the transmission- and recep- 
tion-side power-line modems and subsequent data 35 
transfer is continued through a changed tone position. 
That is, in the case of this embodiment, when some or 
the whole data in a predetermined tone set encoded in 
accordance with a DMT modulation-demodulation 
mode cannot be decoded, it is possible to securely 40 
decode data at reception side by changing at least one 
frequency of tones constituting the predetermined tone 
set. 

[0137] Moreover, in the case of this embodiment, 
two tones are always common with a tone at a default 45 
even when changing tone positions and it is possible to 
perform communication by using the two tones even 
while changing tone settings. Therefore, it is possible to 
change tone sets without interrupting the communica- 
tion. 50 
[0138] In the case of this embodiment, a tone set is 
constituted of five tones. However, it is also permitted to 
constitute a tone set of three or four tones. Moreover, it 
is permitted to constitute a tone set of six tones or more. 
Furthermore, interval between tones constituting a tone 55 
set is not restricted to 20 tones. For example, it is per- 
mitted to constitute a tone set of four tones at an interval 
of 10 tones, specify two middle tones as tone positions 
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at a default, and change the tone positions to two high- 
frequency or low-frequency tone positions when noises 
are superimposed on the tone positions. 
[0139] Furthermore, in the case of this embodi- 
ment, a tone position is selected after encoding, that is, 
the QAM encoder 2 encodes the same data to five 
tones constituting a tone set and the tone selector 3 
selects a tone position out of five tones constituting the 
encoded tone set However, it is also permitted to select 
a tone position before encoding and encode the same 
data only to the selected tone position. In this case, the 
tone selector 3 is set to the front stage of the QAM 
encoder 2 or functions same as those of the tone selec- 
tor 3 are provided for the QAM encoder 2 to encode the 
same data only to a selected tone position. 
[0140] Moreover, in the case of this embodiment, 
three tones used are changed when decoding cannot 
be accurately made through a tone position at a default. 
However, it is also permitted to directly use the three 
tones at a default and add another tone. Specifically, 
when tone positions at a default are tones #40, #60, and 
#80, the following tones are used: #20, #40, #60, and 
#80; #40, #60, #80, and #100; or #20, #40, #60, #80, 
and #100. 

[0141] Features of a second embodiment of a 
power-line modem of the present invention are 
described below. In the case of the first embodiment, 
three tones are selected out of a tone set constituted of 
five tones and transmitted by superimposing data on the 
three tones. In the case of this embodiment, a transmis- 
sion-side power-line modem encodes the same data to 
all tones of a tone set and transmits the five tones while 
superimposing data on the tones. In the configurations 
of this embodiment, the same configuration as that of 
the first embodiment previously described is provided 
with the same legends and its description is omitted. 
Specifically, hardware configuration of the power-line 
modem of this embodiment is the same as that of the 
first embodiment except that functions of a control cir- 
cuit 10 are different 

[0142] For example, when a transmission-side 
power-line modem encodes the same data to all tones 
in a predetermined tone set and transmits data while 
superimposing the data on five tones, a reception-side 
modem decodes only a tone position Center (refer to 
Fig. 4), changes the tone position to Low or High in 
accordance with a decision of the control circuit 10 
when a reception state through the tone position is dete- 
riorated, and performs decoding through the changed 
tone position. 

[0143] Thus, in the case of this embodiment, tone 
positions can be changed in accordance with a decision 
of reception side and exchange of request and acknowl- 
edgment control codes is unnecessary between power- 
line modems. Therefore, it is possible to more quickly 
change a tone position to a tone position less influenced 
by noises compared to the case of the first embodiment 
[0144] A third embodiment of a power-line modem 
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of the present invention is desSWfB below. In the case 
of the third embodiment, a transmission-side power-line 
modem always encodes the same data to all tones in a 
tone set and then, transmits encoded data, and moreo- 
ver a reception-side power-line modem receives the 
data on all tones only when receiving a first frame and 
thereafter performs transmission by using an optimum 
tone position detected inside. A configuration of this 
embodiment same as those of the first and second 
embodiments is provided with the same symbol and its 
description is omitted. Specifically, hardware configura- 
tion of the power-line modem of this embodiment is the 
same as that of the first embodiment except that func- 
tions of a control circuit 10 are different. 
[0145] Moreover, when a reception state of a tone 
position presently used is deteriorated due to noises, 
the reception-side power-line modem changes tone 
positions so as to avoid noises similarly to the case of 
the first or second embodiment, or detects an optimum 
tone position again by using all tones and thereafter 
continues decoding by selecting a detected optimum 
tone. 

[0146] Thus, in the case of this embodiment, 
because an optimum tone position is detected through 
first reception without previously determining a default 
tone position, it is possible to quickly perform communi- 
cation under a better condition compared to cases of 
the first and second embodiments. 
[0147] Features of a fourth embodiment of a power- 
line modem of the present invention are described 
below. In the case of this embodiment, a function for 
changing tone sets is further added to the control circuit 
1 0 of the above first embodiment. A configuration of this 
embodiment same as that of the first, second, or third 
embodiment is provided with the same symbol and its 
description is omitted. 

[0148] Fig. 1 0 is an illustration showing a tone set of 
a power-line modem. For example, when the QAM 
encoder 2 generates multitones of tones #1 to #100 
(100 tones), a tone set (1) is constituted of tones #20, 
#40, #60, #80, and #100 similarly to the case of the 
above-described first embodiment and a tone set (2) is 
constituted of tones #1 9, #39, #59, and #99. Thereafter, 
tone numbers are decreased in order of tone sets. 
Thus, a tone set (19) is constituted of tones #2, #22, 
#42, #62, and #82 and a tone set (20) is constituted of 
tones #1, #21, #41, #61, and #81 so that tones consti- 
tuting each tone set do not duplicate. 
[0149] Operations of this embodiment are 
explained below. In the case of this embodiment, the 
tone set (1 ) constituted of tones #20, #40, #60, #80, and 
#100 out of tones #1 to #100 is used as a tone set at a 
default, tones #40, #60, and #80 are used as tone posi- 
tions at a default, and tones #20 and #100 are used 
when tone positions are changed. 
[0150] For example, when communication is diffi- 
cult due to noises, a power-line modem changes tone 
positions in the same manner as the case of the first 
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embodiment by using tTflrtone set (1) constituted of 
tones #20, #40, #60, #80, and #100. As a result, when 
data for the tone set (1) cannot be decoded by a recep- 
tion-side power-line modem because noises are super- 
5 imposed on the tones #20, #40, #60, #80, and #1 00 as 
shown in Fig. 11, a power-line modem of this embodi- 
ment instructs the control circuit 1 0 to change tone sets. 
[0151] Fig. 12 is an illustration showing an example 
of changing tone sets when noise are superimposed on 
10 a tone set presently communicated That is, in the case 
of this embodiment, when the control circuit 10 judges 
that communication is difficult even if changing tone 
positions in the tone set (1), it changes a tone to any 
tone position of a tone set (1 0) constituted of tones #1 0, 
75 #30, #50, #70, and #90 whose frequencies are slightly 
separate from that of the tone set (1) by considering a 
range to be influenced by noises. The power-line 
modem in which a tone set is changed to the tone set 
(10) first selects middle tones #30, #50, and #70 in the 
20 tone set (10). 

[0152] Thereby, in the case of this embodiment, 
data can be decoded by a reception-side power-line 
modem and preferable communication is realized 
because the tone #30 is not influenced by noised even 
25 when, for example, a default tone set is influenced by 
noises, moreover a tone position including the changed 
tones #50 and #70 is influenced by noises, and data 
cannot be securely decoded. 

[0153] Moreover, when encoded data cannot be 
30 decoded even by the middle tones #30, #50, and #70 of 
the tone set (10), tones are changed to the tones #50, 
#70, and #90, tones #10, #30, and #50, or tones #10, 
#50, and #90 in the same manner as in the cases of the 
first to third embodiments. Furthermore, if the encoded 
35 data cannot be still changed, tones are further changed 
to other tones. 

[0154] Thus, in the case of this embodiment, same 
advantages as the case of the first embodiment are 
obtained, and in addition, power-line communication 
40 strong in noises compared to the case of the first 
embodiment is realized because tone sets are changed 
when secure communication cannot be made even after 
changing combinations of tone positions in a specific 
tone set. 

45 [0155] In Fig. 10, it is assumed that a power-line 
modem prepares tones of (1) to (20). However, it is 
enough that a plurality of changeable tone sets are pre- 
pared. 

[0156] Features of a fifth embodiment of a power- 
so line modem of the present invention are described 
below. In the case of the first to fourth embodiments, in 
order to change the tone positions, or request or 
acknowledge the change of tone sets, control codes are 
exchanged between power-line modems under commu- 
55 nication. In the case of fifth embodiment, a tone-set- 
change-request control code is transmitted to all power- 
iine modems connected to the same power line in order 
to change tone sets. A configuration of this embodiment 
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same as those of the first toWrth embodiments previ- 
ously described is provided with the same symbol and 
its description is omitted. 

[0157] That is, in the case of this embodiment, 
when a reception-side power-line modem judges that 5 
communication is difficult, it generates a tone-position 
change request or tone-set change request and trans- 
mits the generated change request to a transmission- 
side power-line modem serving as a communication 
counterpart and moreover, all power-line modems con- io 
nected to the same power line 7. 
[0158] In this case, a reception-side power-line 
modem receives an acknowledgment for change to a 
tone position or a tone set least influenced by noises 
from all power-line modems connected to the same 75 
power line 7 other than the reception-side power-line 
modem. In this case, the reception -side power-line 
modem receives change acknowledgments in accord- 
ance with a predetermined sequence so that data does 
not collide with each other. 20 
[0159] Moreover, the reception-side power-line 
modem determines moving-destination tone position 
and tone set control circuit 1 0 uses the change acknowl- 
edgment from each power-line modem, for example, in 
accordance with majority rule and then, communicates 25 
the moving destination to all power-line modems again. 
[0160] Thus, in the case of this embodiment, same 
advantages as those of the first to fourth embodiments 
are obtained and moreover, because all power-line 
modems simultaneously move tone sets, preferable so 
communication is realized not only between power-line 
modems under communication but also with other 
power-line modem with which communication may be 
thereafter realized. 

[0161] A sixth embodiment of a power-line modem 35 
of the present invention is described below. In the case 
of the first to fifth embodiments, it is difficult for two sets 
of units or more to communicate each other at the same 
time because at least one tone (e.g. a central tone in a 
tone set) always duplicate when transferring data in one 40 
tone set. 

[0162] Therefore, in the case of sixth embodiment, 
when many communication units (units respectively 
provided with a power-line modem) are present on the 
same power line 7, default tone set and tone position 45 
are used as tones dedicated to negotiation between 
power-lime modems to be newly transferred in order to 
realize N-to-N communication. Moreover, a power-line 
modem for transferring data perform subsequent data 
communication through a tone set other than a default so 
tone set by scanning a tone set not presently used for 
transfer by other power-line modem and changing the 
tone set to another tone set other than the default tone 
set. Thereby, this embodiment allows a plurality of 
power-line modems to communicate each other at the 55 
same time. A configuration of this embodiment same as 
those of the first to fifth embodiments is provided with 
the same symbol and its description is omitted. 
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[0163] Operatiol^ of this embodiment are 
described by referring to the accompanying drawings. In 
this case, it is assumed that four units A to D are con- 
nected to the same power line 7 through a power-line 
modem for convenience of explanation. Fig. 13 is an 
illustration showing a communication method for per- 
forming N-to-N communication. For example, to perform 
communication between unit A and unit B, the units A 
and B perform first transfer by using a default tone set 
(1) and during the above period, they perform agree- 
ment about movement of a tone set (step S1). Then, for 
subsequent communication, they perform mutual com- 
munication by using a tone set such as a tone set (19) 
other than the default tone set (1) (step S2). 
[0164] Then, when it is necessary to perform com- 
munication between unit C and unit D, the units C and D 
first confirm that other unit does not perform communi- 
cation through the default tone set (1) and then, perform 
first transfer by using the default tone set (1) and during 
the above period, they perform agreement about move- 
ment of a tone set similarly to the above described (step 
S3). Then, they perform mutual communication by using 
atone set other than the tone set (1 9) such as a tone set 
(10) (step S4). 

[0165] Then, when it is necessary to perform com- 
munication between the units B and C, the units B and 
C first confirm that other unit does not perform commu- 
nication through the default tone set (1) and then per- 
form first transfer by using the default tone set (1), and 
during the above period, perform agreement about 
movement of a tone set (step S5). Thereafter, they per- 
form mutual communication by using, for example, a 
tone set (3) other than the tone set (19) used between 
the units A and B and the tone set (10) used between 
the units C and D (step S6). 

[01 66] Thus, in the case of this embodiment, a tone 
set used for communication between the units does not 
depend on a combination of units or frequency bands 
used for communication do not duplicate. Therefore, 
even when different unit combinations simultaneously 
transmit data to the power line 7, N-to-N simultaneous 
communication is realized because data values do not 
interfere each other. Thereby, power-line utilization effi- 
ciency is improved. 

[0167] Moreover, this embodiment uses tone sets 
used between units as tone sets having frequencies dif- 
ferent from each other than the tone set (1) dedicated to 
negotiation. Thus, because it is possible to avoid a tone 
set communicated between other units and a tone set 
which cannot be used due to noises, N-to-N simultane- 
ous communication is realized without adding extra 
functions by configuration of this embodiment same as 
those of the first to fifth embodiments above described. 
[0168] Furthermore, this embodiment makes it pos- 
sible to change tone positions in a presently-used tone 
set and change tone sets even when units requiring 
data transfer perform transfer each other through tone 
sets different from each other. In this case, the same 
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processing as the cases of theTW&nd second embod- 
iments is performed. Particularly, to change tone sets, it 
is possible to securely execute N-to-N simultaneous 
communication without adding extra functions by pre- 
paring tone sets so that they do not duplicate each 
other. 

[0169] Furthermore, in the case of this embodi- 
ment tone sets used between units use not-duplicated 
tone sets other than the default tone set (1). However, it 
is also permitted for tone sets to duplicate each other. In 
this case, it is necessary for a unit generating a trans- 
mission request to have a function for scanning a tone 
set used on the power line 7 or as other method, it is 
necessary to use an arbitration unit (not shown) for 
scanning all usable frequency bands and controlling a 
frequency band having noises and a tone set presently 
used by other unit. In the case of the latter, the unit gen- 
erating the transmission request uses the default tone 
set (1) before start of transfer and transmits a transfer 
request to the arbitration unit, and the arbitration unit 
designates a tone set not be duplicated to each unit. 
Thus, when each unit performs transfer by using a des- 
ignated tone set, it is possible to reduce the time for indi- 
vidually scanning a usable tone set and the cost for 
realizing the function. 
[0170] Features of a seventh embodiment of a 
power-line modem of the present invention are 
described below. In the case of this embodiment, a pro- 
cedure for a plurality of units connected to a transmis- 
sion line (power line) to simultaneously change tone 
positions is described in detail in order to more securely 
realize the communication method described for the 
fifth embodiment. Moreover, a problem is solved that 
after tone sets and tone positions are once changed, a 
newly-connected unit cannot perform communication 
because there is no means for detecting a moving-des- 
tination tone position. That is, it is made possible that 
the newly-connected unit can securely follow a tone 
change even after tones are changed. 
[0171] The following are features of embodiments 
from this embodiment downward. 

(1) A virtual master is introduced which serves as 
an arbitrator for a tone change procedure. 

(2) Carrier sense is applied to a default tone and a 
moving-destination tone so that default data and 
moving-destination data can be received in accord- 
ance with a carrier-sensing result. 

(3) A dummy carrier is transmitted to a default when 
performing transmission even after movement. 

(4) A newly-connected unit inquires about a present 
tone position by first using a default. 

[0172] Fig. H shows a tone set of a power-line 
communication modem of seventh embodiment. Con- 
cepts of a tone set and a tone position are the same as 
cases of the first to sixth embodiments. In the case of 
this embodiment, however, a combination of tones con- 
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stituting a tone set is difffrent from that in Fig. 10. That 
is, in Fig. 14, 101 tones (tone #0 to tone #100) at an 
interval of 4.3125 kHz are assumed to define 16 tone 
sets by forming a group of five tones selected at an 
interval of 16 tones as a tone set and using tones from 
#1 7 up to #96. Moreover, a default tone set is a tone set 
(0) constituted of a combination of tones #32, #48, #64, 
#80, and #96 as shown. 

[0173] Fig. 15 shows a combination of tone posi- 
tions prepared by the control circuit 10 in the seventh 
embodiment. In Fig. 15, because the tone set shown in 
Fig. 14 is used, tone positions constituted of tones dif- 
ferent from those in Fig. 4 are used. That is, in the same 
manner as in the cases of the first to sixth embodi- 
ments, a combination of three low-frequency-side tones 
is defined as a tone position Low, a combination of three 
middle tones is defined as a tone position Center, and a 
combination of three high-frequency-side tones is 
defined as atone position High and moreover, a default 
tone position is defined as Center for all tone sets. 
Moreover, data is transferred by selecting specific tone 
set and tone position and using three selected tones. 
[0174] Fig. 1 5 shows tone positions of a tone set (0) 
that is a default tone set and the default tone position 
Center is constituted of three middle tones #48, #64, 
and #80. 

[0175] Fig. 1 6 is an illustration showing a configura- 
tion of the seventh embodiment of a power-line commu- 
nication system (power-line modem) of the present 
invention. In Fig. 1 6, legend 1 7 denotes a carrier detec- 
tor and 18 denotes a dummy carrier generator. Moreo- 
ver, a configuration of this embodiment same as those 
of the first to sixth embodiments is provided with the 
same legends and their description is omitted. This 
embodiment is different from the first to sixth embodi- 
ments in that the carrier detector 17 and dummy carrier 
generator 18 are newly added and a function for control- 
ling new tone set/tone position to be described later is 
added to a control circuit 1 0. 

[0176] The carrier detector 17 has a function for 
detecting whether any data is transmitted in frequency 
bands of a presently-used tone set/tone position and a 
default tone set/tone position. The carrier detector 17 
always performs carrier detection of the default tone 
set/tone position, moreover performs carrier detection 
for a tone frequency presently communicated in accord- 
ance with tone selection information sent from the con- 
trol circuit 10 when tone sets or tone positions are 
changed, and outputs detected-carrier information to 
the control circuit 10. 

[0177] Moreover, the dummy carrier generator 18 
has a function for generating a dummy carrier to be out- 
put to a tone of a default tone set/tone position when 
tone sets/tone positions are changed. The dummy car- 
rier generator 1 8 judges whether tone sets or tone posi- 
tions are changed in accordance with tone selection 
information sent from the control circuit 10. When tone 
sets or tone positions are changed, the generator 18 
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outputs a dummy carrier^BI tone constituting the 
default tone set/tone position. As a dummy carrier, it is 
considered to use a sine wave having a frequency equal 
to that of each tone constituting the default tone set/tone 
position. 5 
[0178] In addition to the functions of the first to sixth 
embodiments, the control circuit 10 judges that a 
dummy carrier is transmitted to a default tone when a 
carrier is simultaneously detected in a moving-destina- 
tion tone and a default tone and communicates tone 10 
selection information to tone selectors 3 and 13 so as to 
receive the moving-destination tone. However, when no 
carrier is detected in the moving-destination tone but a 
carrier is detected only in the default tone, the circuit 1 0 
communicates tone selection information to the tone 15 
selectors 3 and 13 so as to receive the data for the 
default tone. 

[0179] Moreover, this embodiment changes tone 
sets/tone positions by using a control command. Fig. 1 7 
is an illustration showing a control command used to 20 
change and confirm tone sets/tone positions. The con- 
trol command is added to or separated/extracted from 
each transmission frame through the framing and 
deframing shown in Fig. 2 and constituted of, for exam- 
ple, two-bit command and subcommand and six-bit 25 
(four bits for tone set and 2 bits for tone position) tone- 
position information. 

[0180] Specifically, a tone change command of 
command [1 0] is used to change tone sets/tone posi- 
tions of an existing unit to be described later. Therefore, 30 
precisely there are a tone-change request command 
[1000], a tone-change rejection command [1001], and a 
tone-change instruction command [1 01 0]. A desire-des- 
tination tone is added to the tone-change request com- 
mand [1000] as six-bit tone-position information and a 35 
change-destination tone is added to the tone-change 
instruction command [1010] as six-bit tone-position 
information. 

[0181 ] Moreover, a tone confirmation command of a 
command [01] is sued to change units newly, connected 40 
to a transmission line to be described later. Therefore, 
precisely there are a tone-confirmation inquiry com- 
mand [0100] and a tone-confirmation response com- 
mand [0101]. A presently-used tone is added to the 
tone-confirmation response command [0101] as tone 45 
position information. 

[0182] Tone change operations of this embodiment 
are described below. As explained with respect to Fig. 
14 and Fig. 15, combinations of tone sets and tone posi- 
tions are previously determined and transmission- and so 
reception -side power-line modems have the combina- 
tions. Moreover, for a power line 7 used, a tone position 
of a tone set probably steadily having less noises is 
determined as a default tone set/tone position so as to 
start communication with the default tone set/tone posi- 55 
tion without fail. 

[0183] First, a carrier sense method for a power-line 
communication system (hereafter referred to as unit) is 
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described below. InTFrc case, it is referred to as carrier 
sense to check whether other unit transmits any data on 
the power line 7. For example, in the case of this 
embodiment, every unit performs carrier sense by using 
the carrier detector 1 7 (refer to Fig. 16) whenever trans- 
mission or reception is not performed and, when a car- 
rier is detected, transmits detected-carrier information 
to the control circuit 10 and immediately changes to a 
reception state, and to perform transmission, changes 
to a transmission state after confirming that no carrier is 
present on the power line 7. 

[0184] In this case, when tone sets or tone positions 
are not changed but communication is performed 
through a default tone set/tone position, each unit does 
not have to perform any special processing. However, 
when tones are changed, data is transmitted to a unit for 
performing transmission by using a change-destination 
tone set/tone position under control by the control circuit 
10 and moreover tone-position selection information 
and a control signal are transmitted to the unit to make 
the dummy carrier generator 18 generate a dummy car- 
rier and output the dummy carrier to a default tone 
set/tone position. This is necessary to confirm that 
power is turned on after tone sets/tone positions are 
changed but a newly-connected unit does not perform 
communication through other tone set/tone position. 
Therefore, the newly-connected unit confirms that no 
dummy carrier is transmitted to a default tone set/tone 
position and then, inquires about a present tone 
set/tone position by using the default tone set/tone posi- 
tion. The newly-connected unit confirms that other unit 
does not perform transmission through a change-desti- 
nation tone set/tone position and then starts transmis- 
sion. 

[01 85] Carrier sense that is a processing of the car- 
rier detector 17 is performed by measuring the signal 
power of a purposed tone. Carrier-sense objects 
include three tones of a default tone set/tone position 
and change-destination tones presently changed. Par- 
ticularly, when tones are changed, a tone to be carrier- 
sensed is determined as described below depending on 
a tone change state. 

[0186] First, when neither tone positions nor tone 
sets are changed, carrier sense is applied to only three 
tones (#48, #64, and #80) of a default tone set/tone 
position. Then, when only tone positions are changed, 
carrier sense is applied to four tones including three 
tones of the default tone set/tone position and one more 
tone (#32 or #96) used for a change-destination tone 
position. Finally, when tone sets are changed, carrier 
sense is applied to six tones including three tones of the 
default tone set/tone position and three tones of the 
change-destination tone set/tone position because tone 
positions are also changed. 

[0187] When tone sets or tone positions are 
changed as described in the above Items (2) and (3), 
reception is started when a carrier is detected by any 
tone. In this case, atone set/tone position to be received 
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is determined in accordance wlflBPe following two ways 
depending on the position of the detected carrier. 
[0188] For example, when a carrier is detected 
through a default tone set/tone position and a change- 
destination tone set/tone position, reception is per- 5 
formed through the change-destination tone set/tone 
position. In this case, transmission and reception are 
performed through the change-destination tone set/tone 
position and the above dummy carrier is output to the 
default tone setftone position. However, when a carrier 10 
is detected only through the default tone set/tone posi- 
tion, reception is performed through the default tone 
set/tone position. That is, the reception is performed 
when communication is started through the default tone 
set/tone position also after tone sets/tone positions are 75 
changed. 

[0189] A specific example is a case in which a 
newly-connected turned-on unit inquires about a 
present tone set/tone position after tone sets/tone posi- 
tions are changed. In this case, the newly-connected 20 
unit transmits data through a default tone set/tone posi- 
tion and other units receive the data of the newly-con- 
nected unit through the default tone set/tone position. 
Another specific example is a case in which, though a 
carrier is detected only through default tone set & tone 25 
position, data received through the default tone set/tone 
position is a dummy carrier. This represents a case in 
which the unit cannot receive a tone-change instruction 
command due to noises and set tone-position informa- 
tion is incorrect. In this case, the unit cancels the tone- 30 
position setting of its own, inquires about a tone position 
similarly to the case of new connection, and resets a 
tone position in accordance with present tone-position 
information. 

[0190] Then, tone set/tone position change opera- 35 
tions are described below. This embodiment uses the 
concept of a virtual master when tone sets/tone posi- 
tions are changed between existing units connected to 
the same power line 7. Specifically, a unit judging that it 
is difficult to continue communication through a present 40 
tone set/tone position in accordance with a nose meas- 
urement result among a plurality of units connected to 
the same power line 7 serves as a virtual master for 
changing tones, performs a series of processing such 
as transmission of change request and desired change 45 
destination, arbitration with other unit, and change 
instruction and designation of change destination, and 
determines a change-destination tone. 
[0191] For example, a unit serving as a virtual mas- 
ter transmits a tone-change request command (refer to so 
Fig. 17) and waits for a response from other unit for a 
certain time. When receiving a tone-change rejection 
command even once during the above period, the vir- 
tual-master unit stops a tone change and completes vir- 
tual-master processing. However, when receiving no ss 
tone-change rejection command even after a certain 
time passes, the virtual-master unit transmits a tone- 
change instruction command (refer to Fig. 17). Then, all 



presently-connected unUffSTmultaneously change tones 
when receiving the tone-change instruction command. 
[0192] Processing sequence of the virtual-master 
unit and units other than the virtual-master unit of this 
embodiment are described below in detail. The 
processing is mainly controlled by control units 1 0 of the 
virtual-master unit and unit other than the virtual-master 
unit 

[0193] Fig. 1 8 is a flow chart showing a processing 
sequence of the virtual-master unit and units other than 
the virtual-master unit of this embodiment. First, a unit 
judging that it is difficult to continue communication 
through a present tone set/tone position in accordance 
with a noise measurement result servers as a virtual 
master for a tone change to start virtual-master 
processing. The control circuit 10 of the virtual master 
selects a tone set or tone position desiring a change 
(step S11) and transmits a tone-change request com- 
mand (refer to Fig. 1 7) showing the selected tone set or 
tone position to the power line 7 (step S12). 
[0194] Every unit other than the virtual master 
receives the tone-change request command (step S21) 
and judges whether to change the tone sets/tone posi- 
tions (step S22). The whole communication data is 
received at a physical-layer level of each unit independ- 
ently of whether the data transmitted to the power line 7 
is addressed to the unit of its own. When the data is 
addressed to the unit of its own, the unit delivers a data 
field to a high-order layer. 

[0195] When judging that a change of tone 
sets/tone positions is rejected (No in step S23), every 
unit other than the virtual master generates a tone- 
change rejection command (refer to Fig. 17) and trans- 
mits the rejection command to the virtual-master unit 
(step S24) to complete the change. However, when 
every unit previously receives a tone-change rejection 
command from other unit except the virtual master, the 
unit cancels transmission of the tone-change rejection 
command of its own. However, when judging that a 
change of tone sets/tone positions is not rejected (Yes 
in step S23), every unit other than the virtual master 
starts the processing in step S25. 
[0196] Moreover, the virtual-master unit transmits 
the tone-change request command showing a tone set 
or tone position selected through the processing in step 
S12 to the power line 7 and then, judges whether to 
receive a tone-change rejection command from any unit 
other than the virtual master (steps S13 and S14). 
When receiving a tone-change rejection command 
before the predetermined time elapses (No in step S13 
and Yes in step S14), the virtual-master unit judges that 
at leas one unit other than the virtual master rejects a 
change of tone sets/tone positions and stop the change 
of tone setsAone positions to complete virtual-master 
processing (step S15). In this case, though the virtual 
master processing is completed, it is also permitted to 
restart step S1 1 without completing the virtual-master 
processing, reselect a tone set/tone position different 
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from the previously selectecMRe set/tone position, and 
continue the virtual-master processing until tone 
sets/tone positions can be changed. 
[0197] However, when a tone-change rejection 
command is not received before the predetermined time s 
elapses (No in step S14 and Yes in step S13), the vir- 
tual-master unit judges that every unit other than the vir- 
tual master acknowledges a change of tone sets/tone 
positions and moreover, generates a tone-change 
instruction command showing a change-destination w 
tone set/tone position (refer to Fig. 17) to transmit the 
command to every unit other than the virtual master 
(stepS 16). 

[0198] Then, the virtual-master unit changes the 
tone set/tone position presently used for transmission 75 
and reception to the tone set/tone position selected in 
step S11 (step S17) and completes the virtual-master 
processing after tone sets/tone positions are changed. 
[0199] Moreover, when judging that a change of 
tone sets/tone positions is not rejected through the 20 
processing in step S23 (Yes in step S23), every unit 
other than the virtual master judges whether a tone- 
change rejection command is output from a unit other 
than the virtual master (step S25) and judges whether a 
tone-change instruction command is output from the vir- 25 
tual-master unit (step S26). 

[0200] For example, when a tone-change rejection 
command is received from a unit other than the virtual 
master (Yes in step S25), a unit other than the virtual 
master rejects a change of tone sets/tone positions and 30 
completes the processing similarly to a case in which 
the unit of its own rejects a change. However, when a 
tone-change rejection command is not received from 
any unit other than the virtual master (No in step S25) 
but a tone-change instruction command is received 35 
from the virtual-master unit (Yes in step S26), the unit 
other than the virtual master judges that every unit other 
than the virtual master acknowledges a change of tone 
sets/tone positions and moreover, changes a tone 
set/tone position to a change destination instructed by 40 
the tone-change instruction command (step S27), and 
completes the processing after the change. In this case, 
all units other than the virtual master simultaneously 
change the tones. To change the tone sets/tone posi- 
tions, it is also permitted to set change-time information 45 
or change-timing information to the tone-change 
instruction command so that all units can simultane- 
ously change the tone sets/tone positions. 
[0201] Operations for changing units newly con- 
nected to the power line 7 are described below. For so 
example, because a newly-connected unit does not 
know a tone set/tone position presently used to trans- 
ceive data, it immediately transmits a tone-confirmation 
inquiry command to all existing units by using a default 
tone set/tone position (refer to Fig. 17) and inquires 55 
about present tone set and tone position. 
[0202] Then, a unit first responding the inquiry 
among other units connected to the power line 7 trans- 
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mits a tone-confirmSflffn response command to the 
default tone set/tone position (refer to Fig. 17) and 
replies a tone set/tone position used to transceive data. 
In this case, because the other unit(s) can confirm the 
reply by using a default tone set/tone position, the 
unit(s) cancels the reply when the unit already prepares 
other reply. 

[0203] A newly-connected unit receiving the reply 
changes settings so as to perform subsequent trans- 
mission and reception of data through a change-desti- 
nation tone set/tone position. This processing is 
executed not only by the newly-connected unit but also 
by a unit which cannot receive a tone-change instruc- 
tion command due to noises and to which incorrect 
tone-position information is set. Moreover, it is permitted 
that all existing units regularly perform the processing. 
[0204] Thus, in the case of this embodiment, a unit 
requesting a change of tone sets/tone positions serves 
as a virtual master among unit connected to the same 
power line 7 and presently performing communication, 
and the unit serving as the virtual master transmits a 
tone-change request command to units other than the 
virtual master and changes tone setsAone positions in 
accordance with reactions of units other than the virtual 
master. Thereby, it is possible to securely change tone 
sets/tone positions in accordance with a state of each 
unit. 

[0205] Moreover, in the case of this embodiment, 
even when tone sets/tone positions are change, a 
newly-connected unit and a unit to which incorrect tone 
set/tone position is set use default tone set and tone 
position in order to inquire about a present tone set/tone 
position. Thereby, it is possible that the newly-con- 
nected unit and the unit to which incorrect tone set/tone 
position is set quickly change the default tone set/tone 
position to the present tone set/tone position. 
[0206] A case is described in this embodiment in 
which the same data is encoded to tones constituting 
each of the tone positions. However, this embodiment is 
not restricted to the above case. It is also permitted to 
encode individual data in accordance with a noise state 
of the power line 7. The same is true for subsequent 
embodiments. 

[0207] Moreover, a case is described in this embod- 
iment in which tones are not changed when a tone- 
change rejection command is output from at least one 
unit other than a virtual master. However, this embodi- 
ment is not restricted to the above case. It is also per- 
mitted not to change tones when tone-change rejection 
commands are output from a predetermined number of 
units or more other than a virtual master. Furthermore, 
it is permitted to use a tone-change permission com- 
mand and determine whether to change tone sets/tone 
positions in accordance with the majority rule between 
the number of tone-change rejection commands and 
the number of tone-change permission commands. The 
same is true for subsequent embodiments. 
[0208] Features of an eighth embodiment of a 
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power line modem of the^Rient Invention are 
described below. The above-described seventh embod- 
iment realizes secure communication by transmitting 
tone-change request and rejection commands. In the 
case of real power-line communication, however, it is 5 
probably impossible to securely receive a command 
through one-time communication because a communi- 
cation state of a power-line modem requiring a change 
of tones is normally deteriorated due to noises. There- 
fore, in the case of eighth embodiment, command trans- 10 
mission is repeated a plurality of times so as to more 
securely perform a change by assuming a case in which 
a tone-change request command or tone-change rejec- 
tion command cannot be transceived one time. 
Because the configurations of this embodiment is the 75 
same as that of the seventh embodiment previously 
described, description of the configuration is omitted by 
using same legends. 

[0209] Operations of this embodiment for a change 
of tones are described below. First, the outline of a 20 
change of tone sets/tone positions of this embodiment 
Is briefly described below. For example, a virtual-master 
unit transmits a tone-change request command to a unit 
other than the virtual master up to N times every certain 
time T. When the virtual-master unit receives a tone- 25 
change rejection command even once before N times 
pass, it stops a change and completes virtual-master 
processing. However, when the virtual-master unit does 
not receive a tone-change rejection command even 
after N times pass, it transmits a tone-change instruc- 30 
tion command. It is the same as the case of the seventh 
embodiment that all units connected to a power line 7 
simultaneously change tones when receiving a tone- 
change instruction command. 

[0210] A unit other than the virtual master transmits 35 
a tone-change rejection command when receiving a 
tone-change request command but rejecting a change 
of tones. However, when previously receiving a tone- 
change rejection command from a unit other than the 
virtual master, another unit other than the virtual master 40 
cancels transmission of the tone-change rejection com- 
mand of its own. Moreover, when receiving a tone- 
change request command again within a certain time 
though receiving a tone-change rejection command, a 
unit other than the virtual master judges that the virtual- 45 
master unit cannot receive the last tone-change rejec- 
tion command and transmits a tone-change rejection 
command again. 

[0211] Moreover, because the virtual-master unit 
waits to receive a tone-change rejection command for a 50 
certain time T = t x N , a unit other than the virtual mas- 
ter judges that a this-time tone-change request is can- 
celed when receiving no tone-change instruction 
command even after a certain time passes and com- 
pletes a change of tone sets/tone positions under the 55 
above state. 

[0212] Processing sequence of a virtual-master unit 
and a unit other than the virtual master of this embodi- 
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ment are described belBwin detail. Fig. 19 is a flow 
chart showing the processing sequence of the virtual 
master of this embodiment. The same steps as those in 
Fig. 18 are provided with the same step numbers and 
their description is omitted. 

[0213] For example, the virtual-master unit selects 
a tone set/tone position to be changed in step S1 1 and 
thereafter, resets a counter for counting values up to N 
and a timer for measuring time up to t (step S30) and 
then, transmits a tone-change request command in step 
S12. 

[0214] After transmitting the tone-change request 
command, the virtual-master unit starts the timer to 
judge whether to receive a tone-change rejection com- 
mand from a unit other than the virtual master before 
the predetermined time t elapses (steps S13 and S14). 
[0215] Then, when receiving a tone-change rejec- 
tion command from a unit other than the virtual master 
within the predetermined time t (No in step S13 and Yes 
in step S14), the virtual-master unit stops a change of 
tone sets/tone positions through the processing in step 
S15 and completes virtual-master processing. Moreo- 
ver, it is permitted to continue the virtual-master 
processing from step S11 similarly to the case of the 
seventh embodiment. 

[0216] However, when receiving no tone-change 
rejection command from a unit other than the virtual 
master within the predetermined time t (Yes in step 
S13), the virtual-master unit increments a counter value 
n by '1 resets the timer (step S31 ), and judges whether 
the counter value n is larger than the maxim number of 
times N (step S32). 

[0217] Then, when the counter value is smaller than 
the predetermined maximum number of times N (No in 
step S32), the virtual-master unit judges that a tone- 
change request command is not transmitted up to N 
times for a certain time T = t x N , retransmits a tone- 
change request command showing a tone set/tone 
position to be changed (step S33), restarts step S13, 
and judges whether to receive a tone-change rejection 
command from a unit other than the virtual master 
within the predetermined time t. 
[0218] However, when the counter value n is larger 
than the predetermined maximum number N (Yes in 
step S32), the virtual-master unit transmits a tone- 
change request command up to N times for a certain 
time T, judges that every unit other than the virtual mas- 
ter acknowledges a change of tone sets/tone positions, 
and transmits a tone-change instruction command 
showing a change-destination tone set/tone position 
(step S16) and changes transceiving tone sets/tone 
positions of the unit of its own (step S1 7). 
[0219] Fig. 20 is a flow chart showing processing 
sequence of a unit(s) other than the virtual master of 
this embodiment. In this flow chart, the same steps as 
those in Fig. 18 are provided with the same step num- 
bers and their description is omitted. 
[0220] For example, a unit other than a virtual mas- 
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ter resets a timer after receUBya tone-change request 
command in step S21 (step S41) and judges whether to 
change tone sets/tone positions (step S22). As a result, 
when tone sets/tone positions can be changed (Yes in 
step S23), the unit other than the virtual master judges 5 
whether to receive a tone-change instruction command 
from the virtual master before a predetermined time txN 
elapses (steps S42 and s43). 
[0221] In this case, when receiving a tone-change 
instruction command from the virtual-master unit before w 
the predetermined time txN elapses (No in step S42 
and Yes in step S43), the unit other than the virtual mas- 
ter judges that a unit other than the virtual master 
acknowledges a change of tone sets/tone positions, 
changes a tone set/tone position to a change destina- 15 
tion designated by a tone-change instruction command 
sent from the virtual master unit (step S27) similarly to 
the case of the seventh embodiment, and completes the 
processing after completing the change. 
[0222] However, when it is impossible to receive a 20 
tone-change instruction command from the virtual-mas- 
ter unit even after the predetermined time txN elapses 
(No in step S43 and Yes in step S42), the unit other than 
the virtual master judges that at least one unit other 
than the virtual master has rejected a change of tone 25 
sets/tone positions and completes the processing simi- 
larly to the case of the seventh embodiment. 
[0223] Moreover, when a change is impossible as a 
result of judgement on the change in step S23 (No in 
step S23), the unit other than the virtual master judges 30 
whether a tone-change rejection command is received 
from an another unit different from the virtual master 
(step S25). When a tone-change rejection command is 
not received from the another unit (No in step 25), the 
another unit transmits a tone-change rejection com- 35 
mand (step S24). Moreover, the unit other than the vir- 
tual master judges whether to receive a ton-change 
instruction command from the virtual -master unit before 
the predetermined time txN at the unit side other than 
the virtual master elapses (steps S44 and S26). When aq 
a tone-change rejection command is received from 
another unit other than the virtual master in accordance 
with the judgment in' step S25 (Yes in step S25), the 
other unit judges whether to receive a tone-change 
instruction command from the virtual-master unit before 45 
the predetermined time txN at the unit other than the vir- 
tual master elapses (steps S44 and S26). 
[0224] In this case, when a tone-change instruction 
command cannot be received from the virtual-master 
unit even after the predetermined time txN elapses (Yes so 
in step S44), the unit other than the virtual master 
judges that at least one unit other than the virtual mas- 
ter has rejected a change of tone sets/tone positions 
and completes the processing. 

[0225] However, when a tone-change instruction 55 
command is received before the predetermined time 
txN elapses (No in step S44 and Yes in step S26), the 
unit other than the virtual master judges that every unit 
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other than the virtl^rmaster has acknowledged a 
change of tone sets/tone positions, changes a tone 
set/tone position to a change destination designated by 
a tone-change instruction command sent from the vir- 
tual-master unit (step S27), and completes the process- 
ing after completing the change. 
[0226] Moreover, when a tone-change instruction 
command is not received from the virtual-master unit 
before the predetermined time txN elapses (No in step 

544 and No in step S26), the unit other than the virtual 
master judges whether a tone-change request com- 
mand is received again from the virtual master before 
the predetermined time txN elapses (step S45) and 
whether a tone-change rejection command is received 
from another unit other than the virtual master (step 
S46). 

[0227] In this case, when a tone-change request 
command is not received again from the virtual-master 
unit (No in step S45) or when a tone-change request 
command is received again from the virtual-master unit 
and a tone-change rejection command is received from 
another unit other than the virtual master (Yes in step 

545 and Yes in step S46), step S44 is re-executed. 
[0228] However, when a tone-change request com- 
mand is received again from the virtual-master unit but 
a tone-change rejection command is not received from 
another unit other than the virtual master (Yes in step 
S45 and No in step S46), the unit of its own retransmits 
a tone-change rejection command and then, starts step 
S44. When a tone-change request command is 
received again from the virtual-master unit and a tone- 
change rejection command is received from another 
unit other than the virtual master (Yes instep S45 and 
Yes in step S46), it is also permitted to complete the 
above processing without shifting to the judgment in 
step S44. 

[0229] Operations for changing a unit newly con- 
nected to the power line 7 are described below. First, 
because the newly-connected unit does not know a 
tone set/tone position presently used for communication 
similarly to the case of the seventh embodiment, it 
immediately transmits a tone-confirmation inquiry com- 
mand (refer to Fig. 17) to all existing units by using a 
default tone set/tone position to inquire about the 
present tone set and tone position. 
[0230] In this case, when inquiry is performed only 
once, other units cannot probably receive a tone-confir- 
mation inquiry command or the newly-connected unit 
cannot probably receive a tone-confirmation response 
command. Therefore, this embodiment transmits a 
tone-confirmation inquiry command a plurality of times 
similarly to operations for changing tone sets/tone posi- 
tions between existing units. Thereby, it is possible to 
securely know a moving destination. 
[0231] That is, in the case of this embodiment, a 
newly-connected unit immediately repeats an inquiry 
about a tone set/tone position used to transceive data 
every certain time until receiving a response by using a 
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default tone set/tone position^KTnit capable of first Claims 
responding to the inquiry among other units already 
connected responds to the inquiry by using a default 
tone set/tone position. Then, other units already prepar- 
ing a response cancel the response when it is con- § 
firmed that any unit already responded. 
[0232] The newly-connected unit receives the 
response and change setting so as to perform subse- 
quent transmission and reception through a change- 
destination tone set/tone position. However, when a 10 
response is not sent from other units even after repeat- 
edly transmitting a tone-confirmation inquiry command, 
the newly-connected unit judges that no other unit is 
connected and performs subsequent transmission and 
reception through a default tone setftone position. 15 
[0233] Also when a carrier is detected only through 
a default tone position but reception data at the default 
position is a dummy carrier, operations same as the 
case in which a communication system is newly con- 
nected are performed. 20 
[0234] Thus, in the case of this embodiment, a unit 
requesting a change of tone sets/tone positions serves 
as a virtual master among units connected to the same 
power line 7 and performing communication and the vir- 
tual-master unit transmits a tone-change request com- 25 
mand to units other than the virtual master a plurality of 
times and changes tone sets/tone positions in accord- 
ance with reactions of the units other than the virtual 
master. Thereby, it is possible to more securely change 
tone sets/tone positions correspondingly to a state of 30 
each unit. 

[0235] Moreover, in the case of this embodiment, 
even when tone sets/tone positions are changed, a 
newly-connected unit and a unit to which an incorrect 
tone set/tone position is set uses a default tone set/tone 35 
position in order to inquire about present tone set and 
tone position. Thereby, the newly-connected unit and 
the unit to which the incorrect tone set/tone position is 
set can quickly change a tone set/tone position to a 
present tone set/tone position used to transceive data. 40 
[0236] Furthermore, in the case of this embodi- 
ment, it is possible to securely perform a change by 
assuming a case in which a tone-change request or 
tone-change rejection command cannot be transmitted 
by one time and transmitting a command a plurality of 45 
times. Therefore, it is possible to provide a robust power 
communication system even under a state to be proba- 
bly influenced by noises particularly output from a fac- 
tory or a power supply. 
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INDUSTRIAL APPLICABILITY 

[0237] As described above, a communication sys- 
tem of the present invention is useful for communication 
using a transmission line which may be influenced by 55 
noises, particularly suitable for a power-line modem for 
performing data communication by using an existing 
power line (electric- lamp line). 



A communication method using a multicarrier mod- 
ulation-demodulation mode, characterized by 
including: 

a first step in which transmission side encodes 
the same data to n (n is a natural number such 
that m>n>2) tones in a specific tone set consti- 
tuted of m (m is a natural number such that 
m>3) tones at a predetermined frequency inter- 
val and transmits encoded multitone data; 
a second step in which reception side receiving 
the multitone data instructs the transmission 
side and other unit(s) to change at least one of 
the n tones when the reception side cannot 
decode the encoded data with some or all of 
the n tones or the decoding is difficult; and 
a third step in which the transmission side 
receiving a tone-change instruction, the other 
unit, and the reception side instructing a tone 
change tones in accordance with the Instruc- 
tion and perform subsequent communication 
with a changed tone. 

The communication method according to claim 1, 
characterized in that, when the transmission side, 
the other unit(s), and the reception side change at 
least one of the n tones, they transmit encoded mul- 
titone data again by using remaining tones in the 
tone set in the third step. 

The communication method according to claim 1 , 
characterized by further including: 

a fourth step in which reception side receiving 
the multitone data judges a change-destination 
tone set and instructs the transmission side 
and other unit(s) to change the tone sets when 
the reception side cannot decode the encoded 
data even by using any tone in the tone set or 
the decoding is difficult after the processing in 
the third step; and 

a fifth step in which the transmission side 
receiving the tone-set change instruction, the 
other unit(s), and the reception side instructing 
the tone set change tone sets in accordance 
with the tone-set change instruction and per- 
form subsequent communication with a 
changed tone set. 

The communication method according to claim 1 , 
characterized in that 

units on the transmission and reception sides 
to be communicated each other use the spe- 
cific tone set in order to determine a tone set 
used for transceiving of data and transceive 
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data by using a tofl^pf other than the specific 
tone set and a tone set presently communi- 
cated between other units on the same trans- 
mission line. 

5 

A communication method using a mutticarrier mod- 
ulation-demodulation mode, characterized by 
including: 

a first step in which transmission side encodes 10 
the same data to a specific tone set constituted 
of m (m is a natural number such that m>3) 
tones at a predetermined frequency interval 
and transmits encoded multitone data; and 10. 
a second step in which reception side receiving 15 
the multitone data decodes the encoded data 
by using n (n is a natural number such that 
m>n>2) tones in a specific tone set, changes at 
least one of the n tones when the encoded data 
cannot be decoded with some or all of the n 20 
tones or the decoding is difficult and thereafter, 
decodes the encoded data again by using n 
changed tones. 

The communication method according to claim 5, 25 
characterized in that in the second step ended data 
is decoded again by using remaining tones in the 
tone set when changing at least one of the n tones. 

The communication method according to claim 5, 30 
characterized by further including: 1 1 . 

a third step of judging change-destination tone 
sets when the encoded data cannot be 
decoded even by using any tone in the tone set 35 
through the processing in the second step or 
the decoding is difficult and instructing the 
transmission side and other unit(s) to change 
the tone sets; and 

a fourth step in which the transmission side 40 
receiving a tone-set change instruction, the 
other unit(s), and the reception side instructing 
a change of tone sets change tone sets in 
accordance with the instruction and perform 
subsequent communication with a changed 45 
tone set. 

The communication method according to claim 5, 
characterized in that 

50 

units on the transmission and reception sides 
to be communicated each other use the spe- 
cific tone set in order to determine a tone set 
used for transceiving of data and transceive 
data by using a tone set other than the specific 55 
tone set and a tone set presently communi- 
cated between other units on the same trans- 
mission line. 



tc^^^i 



44 



The communicefflBn method according to claim 5, 
characterized in that 

in the second step encoded data is decoded by 
using the m tones when receiving first multi- 
tone data, n optimum tones are detected, then 
the encoded data is decoded by using the n 
detected tones, at least one of the n tones is 
changed when the encoded data cannot be 
decoded by some or all of the n tones, and the 
encoded data is again decoded by using n 
changed tones. 

The communication method according to claim 9, 
characterized by further including: 

a third step of judging a change-destination 
tone set when the encoded data cannot be 
decoded by the processing in the second step 
even by using any tone in the tone set or the 
decoding is difficult and instructing the trans- 
mission side and other unit(s) to change tone 
sets; and 

a fourth step in which the transmission side 
receiving a tone-set change instruction, the 
other unit(s), and the reception side instructing 
a tone-set change tone sets in accordance with 
the instruction and perform subsequent com- 
munication with a changed tone set. 

A communication method characterized by includ- 
ing: 

a first step in which the multicarrier modulation- 
demodulation mode is used and transmission 
side encodes the same data to n (n is a natural 
number such that m>n>2) tones in a specific 
tone set constituted of m (m is a natural 
number such that m>3) at a predetermined fre- 
quency interval and transmits encoded multi- 
tone data; 

a second step in which reception side receiving 
the multitone data requests a tone change to 
the transmission side and other unit(s) con- 
nected to the same transmission line when the 
encoded data cannot be decoded by some or 
all of the n tones or the decoding is difficult; 
a third step in which the transmission side 
receiving the tone change request and the 
other unit(s) respectively designate and return 
an optimum tone to the reception -side unit; 
a fourth step in which the reception side to 
which the optimum tone is designated deter- 
mines a tone to be changed in accordance with 
the information and communicates a deter- 
mined tone to the transmission side and other 
unit(s); and 

a fifth step in which the transmission side, 
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reception side, and otTWffnit(s) change tones 
in accordance with the determination and per- 
form subsequent communication with a 
changed tone. 

12. A communication method for a plurality of commu- 
nication systems connected to the same transmis- 
sion line to transceive multitone data constituted of 
a plurality of predetermined tones at a specific fre- 
quency interval by using a multicarrier modulation- 
demodulation mode, characterized in that 

when a communication system judging that 
decoding cannot be made by some or all of the 
tones or the decoding is difficult becomes a 
master, 

the communication system serving as the mas- 
ter transmits a tone-change request command 
showing a change-destination tone, and when 
receiving a tone-change rejection command 
from at least one of other communication sys- 
tems in a certain time, completes the tone 
change and master processing at this point of 
time, but unless receiving the tone-change 
rejection command in a certain time, the mas- 
ter transmits the tone-change designation com- 
mand showing the change-destination tone 
and moves a tone used to transceive data to 
the change destination, and 
all communication systems other than the mas- 
ter receive the tone-change designation com- 
mand and thereafter, simultaneously move 
tones used to transceive data to the change 
destination. 

13. The communication method according to claim 12, 
characterized by using n (n is a natural number 
such that m>n>2) tones in a predetermined tone set 
constituted of m (m is a natural number such that 
m>3) tones at a specific frequency interval to trans- 
ceive data between the communication systems 
and encoding the same data to the n tones. 

14. The communication method according to claim 12, 
characterized in that 

when at least one of communication systems 
other than the master transmits a tone-change 
rejection command in the certain time, commu- 
nication systems other than the master cancel 
the transmission of tone-change rejection com- 
mands of their own. 

15. The communication method according to claim 12, 
characterized in that 

a default tone set showing an initial-state tone 
set and a default tone position which is a com- 



if 
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bination of InitilHlte tones in the default tone 
set are previously defined, and 
the communication system performs carrier 
sense of the default tone position whenever 
5 data is not transceived before executing tone 

change processing and moreover performs 
carrier sense of a tone position used to trans- 
ceive data in addition to carrier sense of the 
default tone position after executing tone 
10 change processing. 

16. The communication method according to claim 15, 
characterized by transmitting data through the 
changed tone when a communication system trans- 

15 mits data after executing tone change processing 
and at the same time, transmits a dummy carrier to 
the default tone position. 

17. A communication method according to claim 15, 
20 characterized by performing reception processing 

through the change-destination tone position when 
a carrier is detected through the default tone posi- 
tion and the change-destination tone position. 

25 18. The communication method according to claim 15, 
characterized by performing reception processing 
through the default tone position when a carrier is 
detected through only the default tone position. 

30 19. A communication method according to claim 15, 
characterized in that 

when a new communication system is con- 
nected to the same transmission line, 
35 the new communication system transmits a 

tone-confirmation inquiry command by using 
the default tone position and thereby, inquires 
all other communication systems about a tone 
position used to transceive data, and 
40 a communication system first responding to the 

inquiry transmits a tone-confirmation response 
command by using the default tone position 
and thereby transmits a tone position used to 
transceive data, and the new communication 
45 system changes tones used to transceive data 

in accordance with the received tone-confirma- 
tion response command. 

20. The communication method according to claim 15, 
so characterized in that 

when though a carrier is detected at a default 
position but the received data at the default 
position is a dummy carrier, then 
55 a communication system detecting the carrier 

transmits a tone-confirmation inquiry command 
by using the default tone position and thereby, 
inquires all other communication systems 



24 



EP 1 065 818 A1 

led to transcelve data, 



about a tone posi 
and 

a communication system first responding to the 
inquiry transmits a tone-confirmation response 
command by using the default tone position 
and thereby transmits the tone position used to 
transceive data, and the communication sys- 
tem detecting the carrier changes tones used 
to transceive data in accordance with the 
received tone-confirmation response com- 
mand. 

21. A communication method for a plurality of commu- 
nication systems connected to the same transmis- 
sion line to transceive muttitone data constituted of 
a plurality of predetermined tones at a specific fre- 
quency interval by using a multicarrier modulation- 
demodulation mode, characterized in that 

when a communication system judging that 
some or all of the tones cannot be decoded or 
the decoding is difficult serves as a master for 
changing the tones, the master communication 
system transmits a tone-change request com- 
mand showing a change- destination tone N (N 
is a natural number such that N>2) times every 
a certain time, and when receiving a tone- 
change rejection command from at least one of 
other communication systems up to N times, 
completes the tone change and master 
processing at this point of time but when 
receiving no tone-change rejection command 
up to N times, moves a tone used to transceive 
data to the change destination, and moreover 
transmits a tone-change instruction command 
showing the change-destination tone, and all 
communication systems other than the master 
receive the tone-change instruction command 
and thereafter simultaneously move tones 
used to transceive data to the change destina- 
tion. 



48 



22. The communication method according to claim 21, 
characterized in that 

when at least one of the communication sys- 
tems other than the master transmits a tone- 
change rejection command before transmitting 
the tone-change request command up to N 
times, other communication systems except 
the master cancel the transmission of tone- 
change rejection commands of their own. 

23. The communication method according to claim 21 , 
characterized in that 

a default tone set showing an initial-state tone 
set and a default tone position which is a com- 



bination of IflBffl-state tones in the default tone 
set are previously defined, and 
the communication system always performs 
carrier sense of the default tone position when- 
5 ever no data is transceived before executing 

tone change processing and moreover per- 
forms carrier sense of a tone position used to 
transceive data in addition to the carrier sense 
of the default tone position after executing tone 
10 change processing. 

24. The communication method according to claim 23, 
characterized in that, when a communication sys- 
tem transmits data after executing tone change 

75 processing, it transmits the data by using the 
change-destination tone and simultaneously trans- 
mits a dummy carrier to the default tone position. 

25. The communication method according to claim 23, 
20 characterized in that, when a carrier is detected 

through the default tone position and the change- 
destination tone position, reception is performed 
through the change-destination tone position. 

25 26. The communication method according to claim 23, 
characterized in that reception processing is per- 
formed through the default tone position when a 
carrier is detected only through the default tone 
position. 

30 

27. The communication method according to claim 23, 
characterized in that, when a new communication 
system is connected to the same transmission line, 
the new communication system transmits a tone- 
35 confirmation inquiry command a plurality of times 
by using the default tone position, thereby inquires 
all other communication systems about a tone posi- 
tion used to transceive data, and a communication 
first responding to the inquiry transmits a tone-con- 
40 firmation response command by using the default 
tone position and thereby, transmits the tone posi- 
tion used to transceive data, and the new communi- 
cation system changes tones used to transceive 
data in accordance with the received tone-confir- 
45 mation response command. 

28. The communication method according to claim 23, 
characterized in that 

so when a carrier is detected only through a 

default tone position but received data at the 
default tone position is a dummy carrier, then 
a communication system detecting the carrier 
transmits a tone-confirmation inquiry command 
55 by using the default tone position and inquires 

all other communication systems about a tone 
position used to transceive data, and 
a communication system first responding to the 
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inquiry transmits a toriWRfirmation response 
command by using the default tone position 
and thereby transmits the tone position used to 
transceive data, and the communication sys- 
tem detecting the carrier changes tones used 
to transceive data in accordance with the 
received tone-confirmation response com- 
mand. 

29. A communication system using a multicarrier mod- 
ulation-demodulation mode, characterized by: 

encoding the same data to n (n is a natural 
number such that m>n£2) tones in a specific 
tone set constituted of m (m is a natural 
number such that m>3) tones at a predeter- 
mined frequency interval and transmitting 
encoded muttitone data; 
changing at least one of the n tones to a 
remaining tone in the tone set when the 
encoded data cannot be decoded by some or 
all of the n tones and a tone change instruction 
is received from reception side and performing 
subsequent communication with changed 
tones. 
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30. The communication system according to claim 29, 
characterized by changing a tone set to any other 
tone set when the encoded data cannot be 
decoded even by using any tone in the tone set and 
a tone set change instruction is received from 
reception side and performing subsequent commu- 
nication through the changed tone set. 

31. A communication system using a multicarrier mod- 
ulation-demodulation mode, characterized by: 

receiving multitone data superimposed on n (n 
is a natural number such that m>n>2) tones in 
a specific tone set constituted of m (m is a nat- 
ural number such that m>3) tones from trans- 
mission side; and 

instructing the transmission side and other 
units to change at least one of the n tones 
when encoded data cannot be decoded by 
some or all of the n tones. 

32. The communication system according to claim 31, 
characterized by judging a change-destination tone 
set when the encoded data cannot be decoded 
even by using any tone in the tone set and instruct- 
ing the transmission side and other units to change 
tone sets. 

33. A communication system using a multicarrier mod- 
ulation-demodulation mode, characterized by 
encoding the same data to a specific tone set con- 
stituted of m (m is a natural number such that m£3) 



tones at a predetdTfTfmed frequency interval and 
transmitting encoded multitone data. 

34. The communication system according to claim 33, 
5 characterized by changing the tone set to any other 

tone set in accordance with a tone-set change 
instruction when the encoded data cannot be 
decoded even by using any tone in the tone set and 
the instruction is received from reception side and 
10 performing subsequent communication through a 
changed tone set 

35. A communication system using a multicarrier mod- 
ulation-demodulation mode, characterized by: 

75 

receiving multitone data superimposed on a 
specific tone set constituted of m (m is a natural 
number such that m>3) tones from transmis- 
sion side; 

20 decoding encoded data in accordance with n (n 

is a natural number such that m>n£2) tones in 
the tone set; 

changing at least one of the n tones to a 
remaining tone in the tone set when the 
25 encoded data cannot be decoded by some or 

all of then tones; and 

decoding the encoded data again in accord- 
ance with changed n tones. 

30 36. The communication system according to claim 35, 
characterized by instructing the transmission side 
to change tone sets when the encoded data cannot 
be decoded even by using any tone of the tone set. 

35 37. The communication system according to claim 35, 
characterized by decoding encoded data in accord- 
ance with the m tones when receiving first multitone 
data, moreover detecting n optimum tones, then 
decoding the encoded data in accordance with the 

40 n detected tones, changing at least one of the n 
tones when the encoded data cannot be decoded 
through some or all of the n tones, and decoding 
the encoded data again in accordance with n 
changed tones. 



45 

38. A communication system using a multicarrier mod- 
ulation-demodulation mode, characterized by trans- 
ceiving multitone data constituted of a plurality of 
predetermined tones at specific frequency inter- 

so vals, moreover transmitting a tone-change request 
command showing a change-destination tone when 
the communication system judges that decoding 
cannot be made by some or all of the tones or the 
decoding is difficult and becomes a master for exe- 

55 cuting tone change processing, completing the tone 
change and master processing when receiving a 
tone-change rejection command from at least one 
of other communication systems within a certain 
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time, moving a tone to WKed to transceive data to 
the change destination when not receiving the tone- 
change rejection command, and moreover trans- 
mitting a tone-change instruction command show- 



39. A communication system using a multicarrier mod- 
ulation-demodulation mode, characterized by trans- 
ceiving multitone data constituted of a plurality of 
predetermined tones at a specific frequency inter- 10 
val, transmitting a tone-change request command 
showing a change-destination tone N (N is a natural 
number such that N>2) times every a certain time 
when the communication system judges that 
decoding cannot be made by some or ail of the 15 
tones or the decoding is difficult and becomes a 
master for executing tone change processing, com- 
pleting the tone change and master processing 
when receiving a tone-change rejection command 
from at least one of other communication systems 20 
before the repetition of transmission of the tone- 
change request command up to N times, moving a 
tone to be used to transceive data to the change 
destination when not receiving the tone-change 
rejection command before the repetition of trans- 25 
mission of the tone-change request command up to 
N times, and moreover transmitting a tone-change 
instruction command showing the change-destina- 
tion tone. 



40. A communication system for transceiving multitone 
data constituted of a plurality of predetermined 
tones at a specific frequency interval by using a 
multicarrier modulation-demodulation mode, char- 
acterized by moving a tone to be used to transceive 35 
data to the change destination after receiving a 
tone-change instruction command showing a 
change-destination tone when the communication 
system does not serve as a master for changing 
tones. 40 



ing the change-destination tone. 
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